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New 8-bit Microcontrollers with integrated configurable 
logic in 6- to 20-pin packages 


~ 
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Microchip’s new PIC10F/LF32X and PIC12/16F/LF150X 8-bit microcontrollers 
(MCUs) let you add functionality, reduce size, and cut the cost and power 
consumption in your designs for low-cost or disposable products, with 
on-board Configurable Logic Cells (CLCs), Complementary Waveform 
Generator (CWG) and Numerically Controlled Oscillator (NCO). 


The Configurable Logic Cells (CLCs) give you software control of combinational and 

: , ‘ : PICDEM™ Lab Development 
sequential logic, to let you add functionality, cut your external component count and save Kit -DM163045 
code space. Then the Complementary Waveform Generator (CWG) helps you to improve 
switching efficiencies across multiple peripherals; whilst the Numerically Controlled 
Oscillator (NCO) provides linear frequency control and higher resolution for applications 
like tone generators and ballast control. 


PIC16F193X ‘F1’ Evaluation 
Platform - DM164130-1 


PICIOF/LF32X and PIC12/16F/LF150X MCUs combine low current consumption, with an 
on-board 16MHz internal oscillator, ADC, temperature-indicator module, and up to four 
PWM peripherals. All packed into compact 6- to 20-pin packages. 


PICkit™ Low Pin Count Demo 
Board - DM164120-1 


Free CLC Configuration Tool: 
www.tmnicrochip.com/get/euclctool 


Go to www.microchip.com/get/eunew8bit to find out more about 
low pin-count PIC® MCUs with next-generation peripherals 
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Projects and Circuits 


HIGH-QUALITY DIGITAL AUDIO SIGNAL 

GENERATOR - PART 1 by Nicholas Vinen 10 
A ‘must have’ project! Precision design includes TOSLINK/coax (S/PDIF) digital 
outputs, and two analogue audio outputs, plus extremely low harmonic distortion 
ACCURATE THERMOMETER/ THERMOSTAT 24 
by Michael Dedman and by Nicholas Vinen 

Based on the precision Dallas DS18B20 digital temperature sensor. 

Provides readings to one decimal point. 

INTERNET TIME DISPLAY MODULE by Mauro Grassi 32 
Simple add-on board for the WIB (Web Server In A Box). Accurately 

displays the time and date, gathered from an internet time server 
SOLAR-POWERED INTRUDER ALARM by John Clarke 38 
A great way to protect buildings without a mains supply — sheds, 

outbuildings... even a boat mooring! 

INGENUITY UNLIMITED 62 
Earth Magnetometer — rotation detector 


TECHNO TALK by Mark Nelson 22 
From brown to green 
PRACTICALLY SPEAKING by Robert Penfold 48 
Using and identifying two-terminal devices 
CIRCUIT SURGERY by lan Bell 51 
Digital waveform generation — Part 3 
MAX’S COOL BEANS by Max The Magnificent 54 
Beware the forthcoming robot wars... 
Counting down to the EOTWAWKI 
PIC N’ MIX by Mike Hibbett 56 
Keenly priced, speedy Arduino boards from Microchip 
NET WORK by Alan Winstanley 64 
Window shopping... Flooding the market... Moseying around... 
Digging Deep 
EDITORIAL 7 
The future’s bright, the future’s raspberry 
NEWS - Barry Fox highlights technology’s leading edge 8 
Plus everyday news from the world of electronics 
SUBSCRIBE TO EPE and save money 21 
MICROCHIP READER OFFER 55 
EPE Exclusive — Win a Microchip 16-bit Explorer Board 
CD-ROMS FOR ELECTRONICS 59 
A wide range of CD-ROMs for hobbyists, students and engineers 
DIRECT BOOK SERVICE 67 
A wide range of technical books available by mail order, plus more CD-ROMs 
EPE PCB SERVICE 70 
PCBs for EPE projects 
© Wimborne Publishing Ltd 2012. Copyright in all ADVERTISERS INDEX 71 
drawings, photographs and articles published in ee 
EVERYDAY PRACTICAL ELECTRONICS is fully NEXT MONTH! - Highlights of next month’s EPE 72 
protected, and reproduction or imitations in whole or 
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Tel: 01279 467799 


Fax: 01279 267799 
E-mail: sales@quasarelectronics.com 


QUASAR 


electronics 


Solutions for Home, Education & industry Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU121) £24.95 
Leads: Parallel (LDC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


USB & Serial Port PIC Programmer 
USB/Serial connection. 

& Header cable for ICSP. 

?\ Free Windows XP soft- 

= ware. See website for PICs 

Swe supported. ZIF Socket and 
= USB lead extra. 18Vdc. 

Kit Order Code: 3149EKT - £49.95 

Assembled Order Code: AS3149E - £59.95 

Assembled with ZIF socket Order Code: 

AS3149EZIF - £74.95 


USB Flash/OTP PIC Programmer 
USB PIC programmer for a wide 
range of Flash & OTP devices— 
see website for details. Free Win- 
dows Software. ZIF Socket and 
USB lead not included. Supply: 
16-18Vdc. 

Assembled Order Code: AS3150 - £49.95 
Assembled with ZIF socket Order Code: 
AS3150ZIF - £64.95 


ATMEL 89xxxx Programmer 

‘ Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 
Assembled Order Code: AS3081 - £24.95 


PIC Programmer Board 


Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- 
trollers. Requires PC 
serial port. Windows 
interface supplied. 

Kit Order Code: K8076KT - £39.95 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 


Web: www.quasarelectronics.com 


01279 


All prices INCLUDE 20.0% VAT. 

Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day 
Delivery - £4.95; UK Mainland Next Day Delivery - £11.95; Europe (EU) - 
£12.95; Rest of World - £14.95 (up to 0.5Kg). 


!Order online for reduced price Postage (from just £1) 
Payment: We accept all major credit/debit cards. Make PO’s payable to 


Quasar Electronics. 


Credit Card 
Sales 


PIC Programmer & Experimenter Board 


The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU303 £9.95 


USB Experiment Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £39.95 
Assembled Order Code: VM110 - £64.95 


uSie@ 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- 
cludes one Tx but more avail- [oe 

able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £54.95 

Assembled Order Code: AS3180 - £64.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range of tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £24.95 
Assembled Order Code: AS3145 - £31.95 
Additional DS1820 Sensors - £4.95 each 


_— 


Remote Control Via GSM Mobile Phone 
Place next to a mobile phone (not , * 
included). Allows toggle or auto- 

timer control of 3A mains rated 

output relay from any location 

with GSM coverage. 

Kit Order Code: MK160KT - £14.95 


Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix). 


Please visit our online shop now for full details of over 500 electronic kits, 
projects, modules and publications. Discounts for bulk quantities. 


467799 


4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- ~ 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 
Assembled Order Code: AS3140 - £94.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and e 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 

Assembled Order Code: AS3108 - £89.95 


Infrared RC 12—Channel Relay Board 


é 


Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £64.95 

Assembled Order Code: AS3142 - £74.95 


Audio DTMF Decoder and Display 

. Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU303). Main PCB: 55x95mm. 
Kit Order Code: 3153KT - £37.95 
Assembled Order Code: AS3153 - £49.95 


3x5Amp RGB LED Controller with RS232 
3 independent high power Eee 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 3191KT - £27.95 

Assembled Order Code: AS3191 - £37.95 


Everyday Practical Electronics 


FEATURED KITS 


March 20 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon Chip Magazine 
Australia. These projects are ‘bullet proof’ and already tested Down Under. All Jaycar kits are supplied with specified board 
components, quality fibreglass tinned PCBs and have clear English instructions. Watch this space for future featured kits. 


Ultrasonic Antifouling tor Boats 


KC-5498 £90.50 plus postage & packing 
Marine growth electronic antifouling systems can cost 
thousands. This project uses the same ultrasonic 
waveforms and virtually identical ultrasonic 
transducers mounted in a sturdy polyurethane 
housings. By building it yourself (which includes some 
potting) you save a fortune! Standard unit consists of 
control electronic kit and case, ultrasonic transducer, 
potting and gluing components and housings. The 
single transducer design of this kit is suitable for boats 
up to 10m (32ft); boats longer than about 14m will 
need two transducers and drivers. Basically all parts 
supplied in the project kit including wiring. (Price 
includes epoxies). 


e 12VDC 

Suitable for 
power or sail 

© Could be 
powered by a 
solar 
panel/wind 
generator 

© PCB: 104(L) x 
78(W)mm 

Featured in EPE 

January 2012 


Now available Pre-built: 
Dual output, suitable for vessels up to 14m (45ft) 
YS-5600 £309.25 


Quad output, suitable for vessels up to 20m (65ft) 
YS-5602 £412.25 


240V 10A Deluxe Motor Speed 

Controller Kit 

KC-5478 £36.25 plus postage & packing 
The deluxe motor speed . . 
controller kit allows the yer 
speed of a 240VAC motor 7% 
to be controlled smoothly > ' 
from near zero to full 
speed. The advanced 
design provides improved 
speed regulation and low 
speed operation. Also 
features soft-start, interferences suppression, fuse 
protection and over-current protection. Kit supplied 
with all parts including pre-cut metal case. 


© PCB: 112(L) x 142(W)mm 
Note: Requires UK mains socket or adaptor 
| Featured in EPE November 2011 
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Minimaximite Controller Kit 


KC-5505 £18.25 plus postage & packing 
A versatile and intelligent controller to interface with 
your creations, such as home automation. Features 
20 configurable digital/analog |/O ports, 128K RAM 
and 256KB flash memory to hold your program and 
data. Design and test in MMBasic over a USB link 
from your PC, then disconnect the PC and the 
programs continue to operate. Alternatively, hard 
wire a PC monitor, keyboard, SD card 
reader and amplified speaker to 
work independent of a PC. 


e Requires 2.3 - 3.6VDC 
(2 x AA or use 
plugpack MP-3310 £7.00) 


* Kit supplied with PCB, pre- y 
programmed and pre-soldered micro, } 
and electronic components = 


© PCB: 78(L) x 38(W)mm 
Featured in EPE December 2011 


—\ 
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G-Force Meter Kit 


KC-5504 £18.25 plus postage & packing 
Measure the g-forces on your vehicle and it's 
occupants during your next lap around the race 
circuit, or use this kit to encourage smoother driving 
to save petrol and reduce wear & tear. Forces (+/- 
2g) are displayed on the 4-digit LED display. Also use 
it to measure g-forces on a boat crashing over 
waves or on a theme park thrill ride. Kit includes 
PCB with pre-mounted SMD component, pre- 
programmed microcontroller and all onboard 
electronic components. 

see 


£00. 


Note: We supply the PCB with the SMD 
component already mounted on the 
board to save time and frustration. 
Featured in EPE November 2011 = 
\ eo 


Digital Audio Delay Kit 


KC-5506 £36.25 plus postage & packing 
Corrects sound and picture synchronization (‘lip 
sync’) between your modern TV and home theatre 
system. Features an adjustable delay from 20 to 
1500ms in 10ms steps, and handles Dolby Digital 
AC3, DTS and linear PCM audio with sampling rate 
of up to 48kHz. Connections include digital S/PDIF 
and optical Toslink connections, and digital 
processing means there is no audio degradation. Kit 
includes PCB with overlay and pre-soldered SMD 
IC, enclosure with machined panels, 
and electronic components. 


e Requires 2 x AA 
batteries 


© PCB: 100(L) x 44(W)mm_ 


e 9-12VDC power supply 
required 

e Universal IR remote 
required - use AR-1729 £8.75 

¢ PCB: 103(L) x 118(W)mm 

Featured in EPE August 2011 


KC-5392 £7.50 plus postage & packing 
Many modern cars feature a time delay on the 
interior light. It still allows you time to buckle up and 
get organised before the light dims and finally goes 
out. This kit provides that feature for cars which 
don't already provide it. It has a soft fade out after a 
set time has elapsed, and features a much simpler 
universal wiring than our previous models. 


e Kit supplied with PCB with overlay, 
and all electronic components. 

© Suitable for circuits 
switching ground or 
+12V or 24VDC X 

© PCB: 78(L) x 46(W)mm 

Featured in EPE August 2011 


Voltage Monitor Kit 


KC-5424 £8.50 plus postage & packing 
This versatile kit will allow you to monitor the 
battery voltage, the airflow meter or oxygen sensor 
in your car. The kit features 10 LEDs that illuminate 
in response to the measured voltage, preset 9-16V, 
0.-5V or 0-1V ranges, complete with a fast response 
time, high input impedance and auto dimming for 
night time driving. Kit includes PCB with 

overlay, LED bar graph and all 

electronic components. 


-- 


¢12VDC 
© PCB: 74(L) x 47(W)mm 


Featured in EPE September 2010 


Stereo Compressor Ki 


KC-5507 £21.75 plus postage & packing 
Compressors are useful in 
eliminating the extreme 
sound levels during 
TV ads, "pops" from 
microphones when 
people speak or 
bump / drop them, 
leveling signals when 
singers or guitarist vary 
their level, etc. Kit includes 
PCB, processed case and 
electronic components for 12VDC operation. 
12VDC plug pack required - use MP-3147 £6.25 
Featured in EPE January 2012 


45 Second Voice Recorder Module 


KC-5454 £12.75 plus postage & packing 


This kit has been improved and 
can now be set up easily to 
record two, four or 
eight different 
messages for 
random-access 
playback or a single 
message for ‘tape 
mode’ playback. Also, it now provides cleaner and 
glitch-free line-level audio output suitable for 
feeding an amplifier or PA system. It can be 
powered from any source of 9-14VDC. 


e Supplied with silk screened and solder masked 
PCB and all electronic components 

© PCB: 120(L) x 58(W)mm 

Featured in EPE February 2011 


KC-5488 £14.50 plus postage & packing 


Avoid unnecessary noise and vibration 
in twin-engine boats. The Engine 
Speed Equaliser Kit takes 
the tacho signals from 
each motor and 
displays the output on 
a meter that is centred 
when both motors are 
running at the same RPM. 
When there's a mismatch, the meter shows which 
motor is running faster and by how much. Simply 
adjust the throttles to suit. Short form kit only, 
requires moving coil panel meter (QP-5010 £6.25). 


e 12VDC 

e Kit supplied with PCB, and all electronic 
components 

e PCB: 105(L) x 63(W)mm 

Featured in EPE November 2011 


433MHz Remote Switch Kit 


KC-5473 £16.50 plus postage & packing 
The receiver has momentary or toggle output and 
the momentary period can be adjusted. Up to five 
receivers can be used in the same vicinity. Short- 

form kit contains two 

PCBs and all 

specified 

components. 


Ne 


e 200m range 

¢ Extra transmitter kit sold separately : KC-5474 $8.50 
e Requires case and 9-12VDC 

© PCB: Tx: 85 x 68mm Rx: 79 x 48mm 

\ Featured in EPE January 2011 


Freecall order: O800 O3e 7é4i 
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Digital Echo Chamber Kit 

A compact sound effects kit, with 
built-in mic or line in, line out or — y 
speaker (500mW). 4 Adjustment con- 


trols 
Power: 9Vdc 150mA 
MK182 Vellemankit £11.43 


3rd Brake Light Flasher Kit 
Works with any incandescent or LED 
rear centre brake light. Flashes at 
7Hz for 5 or 10 times, adjustable re- 
Iriggering, 

Power: 12Vdc max load 4A 


MK178 Vellemankit £6.30 
= 


oduladaifec der web site for 
details on the whole range, 
heets, Software and more. 


www.esr.co.uk 


Now Available -Cebek Modules | 
All modules assembled & tested. | 


sec recording via integral mic, 2W 
output to 80 speaker. 
Power: 5Vdc 100mA 


C-9701 Cebek Module £7.89 


Multifunction Up/Down Count 

An up or down counter via on-board 
button or ext input. Time Ged fea- 
ture. Alarm count output. 0-9999 dis- 


lay. 
Paved 9-12Vdc 150mA 


K8035 Vellemankit £17.85 _/ 


Non volatile flash memory, Single 20 
CD-9 Cebek Module £12.99 


(Digital Record/Player 
2 Digital Counter 
Standard counter, 0 to 99 from 
input pulses or external signal. 
; x With reset input, 13.5mm Displays, 
Power: 12Vdc 90mA. 


I Clock Mini Kit 

Segment display in attractive 
enclosure, automatic time base selec- 
tion, battery back-up, 12 or 24Hr 
modes. 
Power: 9Vac or dc 


MK151 Vellemankit £15.09 


Nixie Clock Kit 

Gas filled nixie tubes with their dis- 

tinctive orange glow. HH: is- 
lay, automatic power sync 50/60Hz 
ower: 9-12Vac 300mA 


K8099 Vellemankit £64.96 


1.8W Mono pap liter 
Compact mono 1. RMS 40 
power stage, short circuit & re- 
verse polarity protection. 30- 

18kHz, Power: 4-14Vdc 150mA 


E-1Cebek Module £5.87 


Proximity Card Reader Kit 

A simple security kit with many appli- 
cations. RFID technology activates a 
relay, either on/off or fimed. Supplied 
with 2 cards, can be used with up to 25 
cards. Power: 9Vac or 


MK179 Vellemankit £14.25 


os 


Mini USB Interface Board _ 
New from Velleman this little inter- 
face module with 15 inputs/outputs 
inc digital & analogue in, PWM 
outputs. USB Powered 50mA, Soft- 
ware supplied 


VM167 Module £26.80 / 


(oa Microbug 


Powered by two subminiature mo- e 
tors, this robot will run towards 
an en source. Novel shape PCB 
with LED eyes. 
Power: 2 x AAA Batteries 
\MK127 Velleman kit £9.02 
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Thermostat Mini Kit 

General purpose low cost thermostat 
kit. +5 to +30°C Easily modified tem- 
Becature range/min/max/hysteresis 


‘A Rela: 
Power: taVvde 100mA 
\MK138 Velleman Kit 


£4.55 


ay 


5W Stereo Amplifier 

Stereo power stage with 5W RMS 
4Q, 30-18kHz, short circuit & re- 
verse polarity protection. 

Power: 6-15Vde 500mA 


ES-2 Cebek Module £21.54 


| 
20W 2 Channel Amplifier ] 
Mono amplifier with 2 channels (Low & 
inti trequecy), 20W RMS 4Q per chan- 
nel, adjustable high level. 22-22kHz, 
short circuit & reverse polarity protection. 
Power: 8-18Vdc 2A 
E-14 Cebek Module £22.11 _/| 
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200W Power Amplifier 

A high quality audio power amp, 
200w music power @ 4Q 3-200kHz 
Available as a kit without heatsink 
or module including heatsink. 
K8060 Vellemankit £12.85 
Heatsink for kit £9.95 
VM100 Module £38.54 


Velleman Function Generator Py 
PC Based USB controlled function 
enerator. 0.01Hz to 2Mhz Pre- 
efined & waveform editor. Software 
fupplied. See web site for full feature 
ist. 


PCGU 1000 Velleman £118.38 


12Vdc Power Suppl 


max, low ripple, 12Vdc with adjust: 
ment. 


of 


FE-103 Cebek Module £13.16 /| 


(MP3 Player Kit 

Plays MP3 files from an SD card, 

supports ID3 tag which can be dis- 

played on optional LCD. Line & 
eadphone output. Remote control 

add-on. Power: 12Vdc 100mA 


K8095 Velleman kit £39.99 


Velleman PC Scope 

PC Based USB controlled 2 channel 
60Mhz oscilloscope with spectrum 
analyser & Transient recorder. 2 
Scope probes & software included. 
See web site for full feature list. 


PCSU 1000 Velleman £249.00 


; ; ply 
Single rail regulated power su ply 
complete with transformer. 130m 

| 


1-180 Second Timer 
Universal timer with relay output, 
Time start upon power up or 
button. LED indication. 5A Relay 
Power: 12Vdc 60mA 


1-1 Cebek Module £12.92 


n DCto Pulse width Modulator » 


A handy kit to accurately control DC 
motors etc. Overload & short circuit 
rotection. Input voltage 2.5-35Vdc, 
» Max output 6.5A. 
Power: 8-35Vdc 
K8004 Velleman kit £9.95 


Ne 


Velleman PC Scope, Generator ») 
PC Based USB controlled 2 channel 
oscilloscope AND Function genera- 
tor. Software included. See web site 
for full feature list. 


i 


PCSGU250 Velleman £11 3.67 / 


CyclicTimer 

Universal timer with relay output. 
Time start upon power up or 
button. On & Off times 0.3-60 Sec- 
onds, LED indication. 5A Relay 
Power: 12Vdc 80mA 


1-10 Cebek Module £14.1 2) 


Ya 


(Audio Analyser Kit : 

A small spectrum analyser with LCD, 
Suitable for use on 2, 4 or 8Q sys- 
tems. 300mW to 1200W(2Q) 20-_ 
20kHz Panel mounting, back-lit dis- 
play. Power: 12Vdc 75mA 


\K8098 Velleman kit £31.65 
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RF Remote Control Transmitter 
pinals channel RF keviob transmitter 
with over 13,122 combinations. Certi- 
fied radio frequency 433.92MHz. _ 
Power: 12Vdc 2mA (inc) For use with 
TL-1,2,3,4 receivers. 


TL-5 Cebek Module £14.64 


wy) 


Light Detector « 
Adjustable light sensor operating 

a relay. Remote sensor & termi- 

nals for remote adjustment pot. 


5A Rela 
Power: t2Vde 60mA 
1-4 Cebek Module 


| 


£13.98 


USB DMX Interface 

512 DMX Channels controlled by P' 
via USB. Software & case included. 
Available as a kit or ready assem- 
bled module. 


K8062 Velleman kit £47.90 
VM116 Module £67.15 
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RF Remote Control Receiver 
Single channel RF receiver with relay 
output. Auto or manual code setup. 
Momentary output, 3A relay 

Power; 12Vdc 60mA For use with TL-5 
or TL-6 transmitters. 


TL-1 Cebek Module £28.25 


Liquid Level Detector 

A liquid level operated relay. Re- 
mote sensor operates relay when 
in contact with a Nagi 5A Relay 
Power: 12Vdc 60m. 


1-6 Cebek Module £13.08 | 


USB Interface Board . 
Featuring 5 in, 8 digital outputs, 2 in 
&2 cinelioeyte outputs. Supplied with 
software. Available as a kit or ready, 
assembled module. 


K8055 Velleman kit £24.80 
VM110 Module £34.90 
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Keypad Access Control 

An electronic lock with up to ten 4 
igit codes. Momentary or timed (1- 

60ec/1-60min) output. Relay 5A 

peice 12Vdc 100mA Keypad includ- 

ed. 


\DA-03 Cebek Module £54.26 


Thermostat 

A temerature controlled relay. Ad- 
justable between -10 to 60°C Sen- 
sor on remote PCB. Connector for 
external adjustment pot. 5A 
Power: 12Vdc 60mA 


1-8 Cebek Module 


Relay 


£12.80 


8 Channel USB Relay Board 

PC Controlled 16A relays with Rei 
le, momentary or timed action. Test 
uttons included, available in a kit 

or assembled. 


AC Motor Controller 
A 230Vac 375W motor speed con- 
trol unit giving 33 to 98% of full 


ower. 
Powers 230Vac 


K8090 Velleman kit £39.95 
VM8090 Module £58.40 


SS 


R-8 Cebek Module £12.14 


Start / Stop Relay 
Simple_push button control of a 
relay. Either 1 or 2 button opera- 
tion SA Rela 

Power: 12Vdc 60mA 


oy 


1-9Cebek Module £12.83) 


Components}i| Hardware}i{Soldering|l(Switches|ilest/Equipment)iiransformers){Motors}) 


0191 2514363 
0191 2522296 
les@esr.co.uk 


Station Road 
Cullercoats 
Tyne & Wear 
NES3SO 4PQ 


| | Prices Exclude Vat @20%. 
UK Carriage £2.50 (less than 1kg) 
b= | FI £6.50 greater than 1kg or >£30 
Cheques / Postal orders payable to 
(@ vise ESR Electronic Components Ltd. 
PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept@ wimborne.co.uk 

We are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. We regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. We are not able to answer 
technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. We 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptor. 


COMPONENT SUPPLIES 
We do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

We advise readers to check that all parts are still 
available before commencing any project in a back- 
dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 

The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 


EVERYDAY PRACTICAL 


ELECTRONICS 


The future’s bright, the future’s raspberry 


It’s nice to write about some good news in the depths of winter; even 
better to report good news about British electronics and computing. 


In the UK, in the early 1980s, there was an explosion of interest in 

home computing. This was largely driven by the arrival of affordable 
computers from Sinclair Research and the BBC. The Sinclair ZX80, ZX81 
and, Spectrum, and the pricier, but more flexible BBC Model A and B 
computers sold by the millions. They found their way into classrooms, 
living rooms, teenagers’ bedrooms and even university laboratories. By 
today’s standards they were, to say the least, basic. The ZX80 base model 
had just one kilobyte of memory, and stored programs on audiocassette 
tape; but users didn’t mind, they were just thrilled to get their hands on a 
‘real computer’. 


Memory levels rose of course, but even the higher-end versions of the 
BBC Model B had only 64KB to 128KB of RAM. You might think this 
limited the usability of these computers, but quite the opposite happened; 
it spurred a whole generation of young software designers to experiment 
and to write tight, neat code to enable them to cram as much functionality 
as possible into a very limited space. Those coders, who cut their software 
teeth on cheap early computers, went on to help develop the British 
software industry, including areas where we are still world leaders, such 
as gaming. 

Sadly, much of the momentum of the pioneering early 1980s has been 
eroded by the improvement of computers. Too much IT training in 
schools now consists of how to use word-processing software, and not 
how the software underpinning the wordprocessor or computer is actually 
designed and written. 


This so concerned Cambridge researcher David Braben that he helped 
found (and now heads) the Raspberry Pi Foundation. Their product is the 
‘Raspberry Pi’, a barebones computer on a credit-card-sized PCB at the 
remarkable price of just £15. It has a USB port for mouse/keyboard and 
an HDMI interface for plugging into a TV for display purposes. The idea 
is to give anyone, but especially interested children, the opportunity to 
play with and program a simple computer without worrying about cost, 
complex operating systems or all the other complications that come with 
using a conventional Windows, Apple OSX or Linux computer. 


This is a brilliant British invention, which may well help to teach and 
inspire the next generation of computer engineers — more details of the 
Raspberry Pi are covered in the News pages. 


het 


A roundup of the latest Everyday 
News from the world of 
electronics 


Screen technology update by Barry Fox 


n the 1950s, Ray Dolby 

was one of the team at 
US electronics company 
Ampex, which developed 
the world’s first practical 
video recorder. But it was 
his own company, Dolby 
Labs, that made its name 
with audio tape noise 
reduction. Dolby Labs then 
changed the face of cinema 
sound with surround 
systems and moved on and 
into digital cinema, with 
content servers for digital 
projectors. 

Dolby 3D, with technol- 
ogy bought in from Ger- 
man company 
uses slightly modified colour spectra 
to separate the left and right eye im- 
ages, instead of polarisation. But co- 
lour separation glasses are far more 
expensive than passive polarising 
spectacles, and Dolby 3D is seldom 
now on offer at local cinemas. 

In the meantime, Dolby Labs has 
been developing a new approach to 
LCD screen design. The PRM-4200 
42-inch LCD screen was designed 
to replace Hi Def CRT monitors as 
a reference monitor in post-produc- 
tion houses. The 1920 x 1080 full- 
HD panel is guaranteed to have no 
dead pixels when factory fresh, and 
is back-lit by 4500 individual LEDs, 
arranged in 1500 red, green, blue tri- 
ads. The LEDS are dimmed in sync 
with the screen display to give a con- 
trast ratio of 40,000:1, and results in 
a striking difference between bright 
whites and dark blacks. 

This compares with the few hun- 
dred individually dimmed groups 
of LEDs or ‘sectors’ in even the most 
expensive consumer TVs. 

Demo footage of gaily-dressed 
snowboarders airlifted by a stunt he- 
licopter to mountain peaks and then 
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Infitec, 2/2y5 professional PRM-4200 monitor — not a tunerless consumer TV! 


racing down near vertical slopes 
shows off the contrast, with near-3D 
effects. 

The monitor has HD-SDI coaxial in- 
puts for digital video, because HDMI 
cannot cope with the video switch- 
ing and long cable runs, of up to 100 
metres, needed in production suites. 

The PRM-4200 costs $40,000, but 
Dolby knows this would not deter 
some well-heeled consumers. How- 
ever, showing off their display tech- 
nology at consumer shows would 
involve Dolby in explaining why 
the screen cannot be used with a 
Blu-ray player that works only with 
copy-protected HDMI connections. 
HD-SDI connections are unprotect- 
ed and considered safe only for pro- 
fessional use. Says a Dolby spokes- 
man: ‘The monitor is a professional 
product not a TV. But people keep 
asking us why we don’t build in a 
tuner...’ 


3D TV advertising ruling 
By the time you read this, the Ad- 
vertising Standards Authority (ASA) 
should finally have adjudicated on 
a six-month running dispute over 


consumer 3D TV. The ASA’s 
Council was due to meet on 20 
January to try and make a final 
decision on Samsung’s com- 
plaint against adverts for pas- 
sive 3D TV published by LG 
Electronics in July 2011. 

The process has been lengthy 
and a special meeting is need- 
ed, says the ASA’s investiga- 
tions executive, because ‘the 
Council has considered this 
case and wishes to discuss it 
in full in order to make a deci- 
sion... because it is likely that 
any decision will result in a 
precedent being set for full-HD 
claims for passive 3D TVs’. 

LG’s adverts were headed: 
‘Tt’s 3D TV (but not as we know 
it)’, and promoted ‘the world’s first 
flicker free TV with HD 1080p en- 
hanced picture quality, giving you 
a screen that’s clearer and twice as 
bright as conventional 3D TVs... 
with ultra wide viewing so more of 
your family and friends can get in 
on the action.’ 

Samsung complained, and for 
nearly six months the ASA has been 
evaluating arguments, counter-argu- 
ments and expert opinion. 

Both LG and Samsung have so far 
avoided comment on the dispute. 
However, LG’s UK website currently 
claims that, ‘Our 3D glasses... give you 
a stunning full-HD 3D picture’ and 
‘the LG CINEMA 3D TV produces a 
brighter and clearer picture in stun- 
ning full-HD 3D picture quality.’ See: 
www.lg.com/uk/cinema3d/cinema3d/ 
index.jsp 

In Times Square in New York re- 
cently, an LG billboard screen has 
been taunting the opposition: ‘In 
3D TV tests, four out of five people 
chose LG Cinema 3D over Sony and 
Samsung. Hey, Sony and Samsung, 
better stick to 2D’. 
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Biofuel insect power 


n insect’s internal chemicals 

can be converted to electricity, 
potentially providing power for 
sensors, recording devices or to 
control the bug, a group of researchers 
at Case Western Reserve University 
in the US report. 

The finding is yet another in a grow- 
ing list from universities that could 
bring the creation of insect cyborgs — 
touted as possible ‘first responders’ to 
‘super spies’ — out of science fiction 
and into reality. In this case, the pow- 
er supply, while small, doesn’t rely 
on movement, light or batteries, just 
normal feeding. 

‘Tt is virtually impossible to start 
from scratch and make something 
that works like an insect,’ said Daniel 
Scherson, chemistry professor at Case 
Western Reserve. 

‘Using an insect is likely to prove far 
easier,’ Scherson said. ‘For that, you 
need electrical energy to power sen- 
sors or to excite the neurons to make 
the insect do as you want, by generat- 
ing enough power out of the insect.’ 

Scherson’s university team has de- 
veloped an implantable biofuel cell to 
provide usable power. The key to con- 
verting the chemical energy is using 
enzymes in series at the anode. The 
result is current flow, as electrons are 
drawn to the fuel cell’s cathode, where 


oxygen from air takes up the electrons 
and is reduced to water. 

In tests, prototype electrodes were 
inserted in a blood sinus in the abdo- 
men ofa female cockroach, away from 
critical internal organs. The research- 
ers found the cockroaches suffered no 
long-term damage, which bodes well 
for long-term use. 

To determine the output of the fuel 
cell, the group used an instrument 
called a potentiostat. Maximum pow- 
er density reached nearly 100uW/cm? 
at 0.2V. Maximum current density 
was about 450uA/cm?. 

The researchers are now taking sev- 
eral steps to move the technology 
forward: miniaturising the fuel cell 
so that it can be fully implanted and 
allow an insect to run or fly normal- 
ly; investigating materials that may 
last long inside an insect; working 
with other researchers to build a sig- 
nal transmitter that can run on little 
energy; and adding a lightweight re- 
chargeable battery. 

‘It’s possible the system could be 
used intermittently,’ Scherson said. 
‘An insect equipped with a sensor 
could measure the amount of noxious 
gas in a room, broadcast the finding, 
shut down and recharge for an hour, 
then take a new measurement and 
broadcast again.’ 


GRAPHENE BATTERY 


esearchers at Chicago’s North- 

western University have demon- 
strated experimental lithium ion 
batteries that, they claim, will hold 
a charge up to 10 times greater than 
currently possible; they also charge 
ten times faster. Clusters of silicon are 
sandwiched between graphene sheets 
to allow a greater number of lithium 
atoms in the anode, while the graphene 
is ‘perforated’ for faster recharging. 
The technology could be ready for 
commercial use in the next three to 
five years, the university states. 


ARM compilers from 
MikroElektronika 
Mee has launched 

new ARM compilers, which 
together with development boards 
and Visual TFT Software complete 
MikroElektronika’s ARM Cortex-M3 
toolchain. 

Over 50 libraries have been included 
in the release, which aims to boost 
efficiency, cut development time and 
providing reliable, fast and easy-to-use 
solutions. More information is avail- 
able on the ARM compilers webpage: 
www.mikroe.com/eng/categories/ 
view/96/arm-compilers 


Tiny memory 
BM has announced an experimental 
memory device consisting of just 
12 atoms — a research record. 


MAKING A RASPBERRY Pi 


Rivebery Pi, the new, British 
credit-card-sized computer 
that plugs into a TV and keyboard 
(see this month’s — editorial) 
has commenced _ production, 
according to the website of 
the backing organisation. This 
capable computer can be used 
for many of the things a desktop 
PC does, but the stated aim of the 
cheap device is to ‘see it being 
used by kids all over the world to 
learn programming’. 

Two models are being launched: 
Model A ($25) and Model B ($35). 

The device measures 86mm x 
54mm x 17mm, with a little over- 
lap for the SD card and connec- 
tors that project over the edges. It 
weighs in at just 45g. 

Mice, keyboards, network 
adapters and external storage 
will all connect via a USB hub. It 
includes a composite and HDMI 
out on the board, so it can be 
hooked up to a digital or ana- 
logue television, or to a DVI mon- 
itor. There is no VGA support, 
but adaptors are available. 


Audio out is supported via a Raspberry Pi 
standard 3.5mm jack, or HDMI. Model ® CB) 


A USB microphone can be added 
via the hub. 

The Model B version includes 
10/100 wired Ethernet. There 
is no Ethernet on the Model 
A version, but Wi-Fi will be 
available via a standard USB 
dongle. 

There is a useful Wiki at: http:// 
elinux.org/Rasp berryPiBoard, 
where users can find a begin- 
ner’s guide, FAQs and details 
of future Raspberry Pi-related 
events. 

Further relevant information, 
including a lively and enthusias- 
tic community forum is available 
at: www.raspberrypi.org. 

Last, but not least, Raspberry 
Pi is a charitable organisation 
that has already generated con- 
siderable good will. The first ten 
boards were auctioned on eBay, 
where a_ generous bidder paid 
£3500 for board number one as 
a way of donating funds to this 
educational charity. 
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Main architecture of the Raspberry Pi credit card-sized PC 


Constructional Project 


Te Disitailn auiio 
Signal Genetatorm Part 
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Constructional 


DS: 
ANALOGUE 


OUTPUTS 


CRYSTAL 


OSCILLATOR CLOCK DIVIDERS 


POWER 
SUPPLY 


S WELL as sinewave outputs with 

low distortion, this Digital Audio 
Signal Generator produces a range of 
other waveforms which you would 
normally only obtain from a (pricey) 
high-quality function generator. These 
waveforms include square, triangle 
and sawtooth, as well as advanced 
functions such as waveform mixing, 
pulse and sweep modes. 

If you connect the SPDIF digital out- 
put to our high-quality Stereo Digital- 
to-Analogue Converter (DAC), (EPE, 
September to November 2011), you 
get a sinewave output with very low 
distortion in the audio band. We meas- 
ured around 0.0006% THD+N (20Hz to 
22kHz bandwidth) for a 1kHz full-scale 
sinewave, with a sampling rate of 48kHz 
and less than 0.001% THD+N for any 
frequency between 20Hz and 2kHz. 


Distortion 
The distortion is less than 0.006% up 
to 20kHz (or 0.005% with a sampling 
rate of 96kHz). That is lower distor- 
tion than from most commercial audio 
generators that we know of. 

There is one important proviso. Using 
a DAC for signal generation means that 
there will be high-frequency switching 
noise in the output. This is true whether 
you use an external DAC, or the internal 
one that drives the analogue outputs. 

Usually, this will not be an issue, 
however it is important to keep it in 
mind. If you use the signal as part of a 


CONTROL PANEL 


CONTROL 
BUTTONS 


S/PDIF 
OUTPUT 


—, TOSLINK 
—> OUTPUT 


Fig.1: this block diagram shows the main 
circuit functions of the Digital Audio Signal 
Generator. It’s based on a dsPIC33FJ64GP802 
microcontroller (IC4) and features both 


analogue and digital outputs. 


SVPDIFSAUdIONGeneratol-aViainpkeatunes) 


Five waveform types supported: sine, square, triangle and two 


sawtooth 


Frequency range: 1Hz to 24kHz in 1Hz steps at 48kHz sampling rate, 
or 1Hz to 48kHz at 96kHz sampling rate (see text) 


Five waveform generation modes and four output modes 


(see Table 1 and Table 2) 


Runs off a plugpack (9V to 10V DC) or a battery (4 x AA or AAA cells). 
Built-in battery voltage monitor with settable low battery voltage 


warning 


Status display for pulse and sweep modes, to show amplitude and 


frequency 


Sweep can be manually triggered or paused/resumed/restarted 


Digital output can be switched between ‘consumer’ (S/PDIF, 20-bit 
data) and ‘professional’ (AES/EBU, 24-bit data) modes 


Can enable pre-emphasis bit on digital output if desired 


10 setting banks for storing modes and configuration 
Digital LCD contrast and backlight brightness control 


noise or distortion test, the measuring 
equipment will need to be able to ignore 
residuals above 20kHz. 


Features 

Five waveform types are supported: 
sine, square, triangle and sawtooth 
up/down. Both analogue channels 
always produce the same waveform, 
although the frequencies and ampli- 
tudes are independently adjustable. In 
certain modes, frequency or amplitude 
are fixed between the two channels. 
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However, they can always be individu- 
ally muted. 

The available frequency range is 1Hz 
to 24kHz in 1Hz steps at the default sam- 
pling rate of 48kHz. You can increase 
the sampling rate to 96kHz, and the 
upper frequency limit is then 48kHz. 
If you set the sampling rate to the third 
option, 44.1kHz, the upper frequency 
limit is 22.05kHz. These are the Nyquist 
frequencies — the highest frequency 
that can be digitally represented at that 
sampling rate. 
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Constructional Project 
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Fig.2: the circuit diagram for the main PC board. REG1, REG2 and IC1 are the main power supply components, while IC2 
and IC3 generate the clock signals. IC4 performs the signal generation and also interfaces to the LCD board. Pin 23 to pin 
26 drive op amps [C5a and IC5b to produce the analogue signals, while pin 6 drives the TOSLINK and S/PDIF outputs. 
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Constructional Project 


ablemraWaveformpgenerationsmodess) 


Mode Features 


controller. This microcon- 
troller runs at up to 40MHz 


Locked 


Single frequency, adjustable phase difference between the left and right channels 


and has 64KB of Flash 
program/data memory and 


Independent} Different frequencies can be output on the left and right channels 


16KB of random access 


Mixed 


Mixes signals of two different frequencies and amplitudes, output on both channels 


memory (RAM). 
Because it’s a 16-bit 


Pulsed 


Amplitude alternates between two values with configurable on/off delays 


processor, it can manipu- 


Sweep 


Frequency varies over time, ramping up/down over specified time period 


Table 2: Outpt modes 


Sampling Rate 


Outputs enabled 


Comment 


44.1kHz 


Digital (S/PDIF) only 


CD quality 


48.0kHz 


Digital (S/PDIF) and Analogue 


DVD quality 


96.0kHz 


Digital (S/PDIF) only 


DVD-audio, etc 


96.0kHz 


Frequency accuracy and stability 
are limited by the crystals used, so it 
should generally be within 50 parts per 
millions (ppm) or 0.005% at 25°C — a 
typical crystal frequency tolerance. Over 
a wider range of temperatures, the drift 
might be up to 100ppm (0.01%). This 
translates to an actual 1kHz frequency 
of between 999.9Hz and 1000.1Hz. We 
measured 999.95Hz from our prototype. 

The output amplitude ranges from 
OdB to —98dB in 1dB steps, as well 
as an ‘off’ setting in place of -99dB. 
Amplitude accuracy is good, with a 
—90dB 1kHz sinewave actually being 
measured as —89.37dB using our Au- 
dio Precision System One. If you use 
the analogue outputs, the OdB ampli- 
tude level is close to 1V RMS. Alter- 
natively, if you use the recommended 
external DAC, OdB translates to around 
2V RMS, with much lower distortion. 


Waveform generation modes 
There are five main waveform genera- 
tion modes to choose from (Table 1) 


Analogue only 


Highest quality analogue 


and four output modes (Table 2). Taken 
together, the waveform type, wave- 
form generation and output modes 
make for a total of 100 different mode 
combinations. Any generation mode 
can be combined with any waveform 
type, although you can’t have differ- 
ent waveform types on each channel. 
Table 4 gives specific information 
on each waveform generation mode. 


Circuit details 
The general details ofthe unit are shown 
in the block diagram of Fig.1. As is usual 
with a project of this complexity, it is 
based ona high performance PIC micro- 
controller, IC4. This generates the digital 
and analogue output signals, in response 
to commands from the control panel 
pushbuttons. It also drives the LCD 
panel. Note that there are two digital 
outputs: TOSLINK and S/PDIF coaxial. 
Turning to the full circuit diagram 
for the Digital Audio Signal Genera- 
tor, see Fig.2, IC4 can be seen to be a 
dsPIC33FJ64GP802 16-bit digital signal 


Applications 


RMS and music power testing for power amplifiers 


Speaker placement optimisation 


Sub-woofer or speaker crossover optimisation 


Finding faults in audio equipment 


Audio quality testing for analogue or digital audio equipment with 
appropriate measurement equipment (THD, SNR, channel separation, 
intermodulation distortion, frequency response) 


Analogue circuit prototyping and development 
Testing DACs or other equipment that accept a digital audio signal 
Whenever you need an adjustable audio-frequency signal source. 


14 


late much larger numbers 
than an 8-bit microcon- 
troller, improving its ef- 
ficiency in dealing with audio data. Its 
data converter interface (DCI), internal 
digital-to-analogue converter (DAC) 
and direct memory access (DMA) 
support are all especially useful for 
this project. 


Power supplies 

The dsPIC33 runs off 3.3V, which is 
provided by an LM3940IT-3.3 low 
drop-out linear regulator (REG2). This 
ensures that the microcontroller can 
run with cells developing as little as 
0.9V each (3.6V total), by which time 
most of the energy has been extracted 
from them. You shouldn’t drain NIMH 
cells this low, but it’s OK with alkaline 
or dry cells. 

The rest of the power supply is a 
little more involved. We need 5V for 
the LCD and its backlight. Because 
the battery voltage could be above 
5V (with NiMH cells being charged 
or fresh primary cells) or below 5V 
(NiMH cells being discharged or flat 
primary cells), the LCD supply needs 
to be able to increase or decrease its 
input voltage. We deliberately kept 
it simple by combining a discrete 
low drop-out linear regulator with 
a switchmode boost regulator. This 
keeps size and cost down, and uses 
readily available parts while retaining 
reasonable efficiency. 

The discrete linear regulator con- 
sists of three transistors (Q1 to Q3), 
Zener diode ZD1 and two resistors. 
While it does not have particularly 
good load regulation, its dropout is 
very low (around 0.1V), which means 
that when the battery voltage is below 
5V it doesn’t waste much power. 

It is followed by the boost regula- 
tor, which is built around IC1, an 
MC34063 switchmode DC-DC con- 
verter. It switches power through the 
inductor at around 100kHz, keeping 
the output at 5V. 

This ensures that the LCD continues 
running as long as the microcontroller 
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S/PDIF & TOSLINK DIGITAL AUDIO SIGNAL GENERATOR contro soarp 


16X2 LCD MODULE 


CONTRAST __D4 D5 Dé D7 


GND 


D3_D2 D1 DO KBL 


$1 = LEFT MUTE 
$2 = UP 

$3 = RIGHT MUTE 
$4 = LEFT 

S5 = SELECT 

S6 = RIGHT 

$7 = DOWN 


D5-D11: 1N4148 


Fig.3: the control board circuit. It consists of a 16x2 LCD module, plus pushbutton switches S1 to S7 and isolating 
diodes D5 to D11. The microcontroller (IC4) on the main board reads the switch states and updates the display. 


does. It also keeps the LCD backlight 
brightness and contrast constant as the 
cells discharge. 

The 7805 regulator (REG1) is mainly 
there to protect the LM3940IT-3.3 
(REG2) from voltages above its maxi- 
mum rating (7.5V). The 1kQ and 2002 
resistors associated with REG1 are used 
to increase its output to around 6.8V, en- 
suring that it always exceeds the battery 
voltage. That way, the battery cannot be 
drained when the plugpack is connected 
and it also allows rechargeable cells to 
be kept charged reasonably well. 


Clock generators 

There are two oscillators to produce 
the three sampling clocks. One runs at 
11.2896MHz (44.1kHz x 256), while 
the other runs at 24.576MHz (96kHz 
x 256). The 48kHz rate is generated 
within the microcontroller by halving 
the 96kHz clock. 

While the 11.2896MHz crystal (X2) 
has its own oscillator circuit (driven 
by IC2a, one section of a 74HC04 hex 
inverter), the 24.576MHz crystal (X1) 
uses the dsPIC33’s internal oscillator 


and also to provide the dsPIC’s system 
clock. 

Fortunately, it’s easy to configure the 
dsPIC’s internal PLL (phased-locked 
loop) to derive 39.936MHz from the 
24.576MHz crystal, which is close 
enough to its 40MHz operating limit. 
As aresult, the microcontroller is able 
to shut down the 24.576MHz oscillator 
ifthe battery is flat to save some power. 

The 74HC393 ripple counter, IC3, 
has two purposes. First, it divides the 
oscillator frequencies to the S/PDIF 
encoding clock frequency we need, 
5.6448MHz and 12.288MHz, which 
is 128 times the sampling rate in each 
case. Second, it ensures that the clocks 
have a 50% duty cycle. 


Digital outputs 

The digital audio signal is fed to 
both TOSLINK (optical) and coaxial 
outputs. For the optical output, the 
signal from the microcontroller’s DCI 
(data conversion interface) is sent 
directly to the TOSLINK transmitter 
(CONS). For coaxial, we use three 
inverters from IC2, connecting them in 
parallel to buffer the signal, which is 
then coupled via the 150nF capacitor 
and fed to a resistive divider to pro- 
duce the correct voltage and imped- 
ance levels for S/PDIF signals. 


Analogue outputs 
The dsPIC’s internal DAC is a delta- 
sigma type. It’s much like the Stereo 


Table 3: Periormanee 


Measurement @ 1kHz, SR = 48kHz, BW = 20Hz-20kHz 


Internal DAC External DAC 


THD+N 


0.06% 0.0006% 


Signal-to-noise ratio 


-66dB -111dB 


Channel separation 


-66dB -107dB 


Attenuation at 20Hz 


-0.07dB —0.013dB 


Attenuation at 20kHz 


—0.67dB -0.177dB 


amplifier. It has a dual purpose — to 
generate the clock for 96kHz sampling, 


Attenuation at 40kHz (SR = 96kHz) 
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-1.6dB —2.4dB 
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This is the view inside the prototype using the 
Jaycar case. The main board mounts in the base, 
while the control board is installed on the lid; 
the two are connected via a ribbon cable and [ 
IDC connectors. The full construction details 
will be in Part 2 next month. The photo below aw 
right shows the digital and analogue outputs 


at the top of the case. 


DAC, but has inferior audio quality. Its 
residual switching noise is fairly high; 
12.288MHz or 24.576MHz, depending 
upon the sampling rate. 

The dsPIC33 actually has four DAC 
output pins, ie, differential outputs for 
the left and right channels. As recom- 
mended in the dsPIC33 data sheet, a 
pair of op amps is used to make the 
conversion from differential to single- 
ended outputs. In fact, we have used 
an LMC6482, a dual CMOS rail-to-rail 
amplifier (IC5), for this task, to get the 
best signal quality from the limited 
supply rail of only 5V. 

In order to remove most of the high- 
frequency switching noise, we have 
added two filter stages to the differential 
amplifier stages of IC5. The first is the 
active filter in the op amp feedback net- 
works, comprising the 150pF capacitors 
and 13kQ resistors. The second filter 
involves the passive filters (100Q resistor 
and 15nF capacitor) after the 10uF out- 
put capacitors and just before the output 
connectors (two RCA phono sockets). 


Control panel 


All the components mentioned thus 
far are mounted on the main PC board. 
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It is connected to the 
control panel PC board 
via CON4, shown at the 
left-hand side of Fig.2. 

The circuit of the con- 
trol board is shown in 
Fig.3. Itaccommodates the LCD module 
and seven pushbutton switches. The 
two boards are connected via a 16-wire 
ribbon cable with IDC headers, ie, from 
CON4 on Fig.2 to CON9 on Fig.3. 

The LCD’s backlight brightness and 
contrast are regulated by the micro- 
controller. The brightness is adjusted 
via transistor (Q4), which is pulse- 
width modulated (PWM) at 50kHz; 
increasing the duty cycle increases 
the brightness. 

This not only allows you to adjust 
it as desired (via the relevant push- 
button) but also saves battery usage, 
because only a low-value (5.6Q) 
current-limiting resistor is required. 
The default 25% duty cycle allows the 
LCD to be viewed under virtually any 
lighting condition, without being too 
much ofa drain on the battery. 

Contrast control is a little more 
tricky, since we need a variable cur- 
rent sink to adjust it properly. This too 


is achieved via a 50kHz PWM signal; 
from pin 4 of IC4 to the base of transis- 
tor Q5, which pulls current from the 
LCD display through a 1.5kQ resistor. 

If the resistor is switched on by Q5 
for, say, 50% of the time, this makes the 
circuit roughly equivalent to a 3.0kQ 
resistor. A 100nF capacitor filters this 
switching to provide a variable sup- 
ply to the LCD between its Vcc and 
Vo pins. 


Button multiplexing 

While 28 pins on a microcontroller 
may seem like a lot, in reality it was 
difficult to wire up everything needed 
for this project. Of the 28 pins, nine are 
dedicated to power supply, the main 
oscillator or reset functions, leaving 17 
general-purpose pins. After subtracting 
the signal generator and battery moni- 
toring functions, we’re left with only 
nine for both LCD communications and 
button sensing for the user interface. 
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Parts List = High-Quality Digital Audio Signal Generator 


1 IP67 polycarbonate enclosure 
with transparent lid, size 
171mm x 121mm x 55mm 
(Jaycar HB-6218) 

2 16-pin IDC crimp connectors 

1 4AA side-by-side battery holder 
with leads (or 2 x 2AA side-by- 
side battery holders) 

1 SPST rocker switch (Jaycar 
SKO960 or miniature/sub- 
miniature toggle switch 

2 4.8mm female spade crimp 
connectors (only if SKO960 
switch or similar is used) 

1 2.1mm bulkhead male DC power 
connector (Jaycar PS-0522) 

1 300mm length of 16-way ribbon 
cable 

1 300mm length of double-sided 
tape 

1 300mm length of red medium 
duty hook-up wire 

1 300mm length of black medium 
duty hook-up wire 

Optional: 4 x low self-discharge 
AA 2000mAh NiMH cells 
(Jaycar SB1750 x 2) 

Optional: 9V 500mA DC regulated 
plugpack, or 7.5V 500mA DC 
unregulated plugpack, with 
2.1mm ID plug (nominal output 
9.5V @ 250mA, acceptable 
range 9V to 11V) 


Main Board 

1 PC board, code 838, available 
from the EPE PCB Service, size 
109mm x 102mm 

1 100uH bobbin inductor with 
2.54mm pin spacing (Jaycar 
LF-1102) 

1 PC-mount RCA phono 
connector (black) 

1 PC-mount RCA phono 
connector (white) 

1 PC-mount RCA phono 
connector (red) 

1 16-pin IDC socket 

3 2-pin polarised headers 

3 2-pin polarised header 
connectors 


Communicating with the LCD with- 
out additional components requires 
at least seven pins, four for data I/O 
and three for control. Fortunately, 
there is a way to connect the seven 
buttons using the two remaining pins, 


1 2-pin shorting block 

6 M3 x 6mm machine screws 

2 M3 nuts 

2 MS flat washers 

2 M8 star washers 

1 PC-mount TOSLINK transmitter 
(Jaycar ZL-3000) 

1 28-pin narrow machine-tooled 
IC socket 

2 14-pin machine-tooled IC 
sockets 

2 8-pin machine-tooled IC sockets 


Semiconductors 

1 MC34063 switchmode DC-DC 
converter (IC1) 

1 74HC04 hex inverter (IC2) 

1 74HC393 dual 4-stage ripple 
counter (IC3) 

1 Microchip dsPIC33FJ64GP802 
programmed microcontroller 
(IC4) 

1 LMC6482 dual op amp (IC5) 

1 BC327 transistor (Q1) 

2 BC337 transistors (Q4,Q5) 

4 BC549 transistors (Q2,Q3, 
Q6,Q7) 

1 LM7805T 5V regulator (REG1) 

1 LM3940IT-3.3 or TS2940CZ-3.3 
3.3V regulator (REG2) 

4 1N5819 Schottky diodes 
(D1 to D4) 

1 5.1V 1W zener diode (ZD1) 


Crystals 

1 24.576MHz crystal (HC-49, low 
profile if possible) 

1 11.2896MHz crystal (HC-49, low 
profile if possible) 


Capacitors 

3 100uF 16V radial electrolytic 

1 47uF 16V radial electrolytic 

6 10uF 16V radial electrolytic 

1 10uF 16V tantalum 

1 150nF MKT polyester or 
polycarbonate 

8 100nF MKT polyester or 
polycarbonate 

2 15nF MKT polyester or 
polycarbonate 


by time-multiplexing the LCD I/O 
lines. 

When there is no communication 
occurring with the LCD, its I/O lines 
are unused and are high impedance. 
So, we connect these four pins to one 
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3 150pF ceramic 
1 68pF ceramic 
3 33pF ceramic 


Resistors (0.25W, 1%) 

1 10MQ 1 3900 

3 100kQ 1 2200 

1 47kQ 1 200Q 

2 33kQ 1 180Q 

4 13kQ 1 150Q 

2 11kQ 2 1002 

7 10kQ 1 10Q 

1 1.5kQ 1100 1W 

2 1kQ 2 19 0.6W 5% 
1 6200 7 0Q (or wire links) 
1 5600 


Control Board 

1 PC board, code 839, available 
from the EPE PCB Service, size 
87mm x 73mm 

7 1N4148 diodes (D5 to D11) 

1 100nF MKT polyester capacitor 

1 5.60 resistor 

1 0Q resistor (or wire link) 

1 16-character x 2-line alpha- 
numeric LCD with backlight 
(Jaycar QP-5512) 

7 tactile pushbutton switches with 
long actuators 

7 switch button caps 

1 16-pin IDC socket 

1 16-pin single row female header 

1 16-pin single row male header 

6 M3 x 9mm tapped nylon spacers 

4 M83 x 12mm tapped nylon 
spacers 

4 M3 x 6mm machine screws 

4 M83 x 10mm countersunk 
machine screws 

4 M83 x 15mm machine screws 

2 M3 nuts 


Note: the PC boards will be available 
as a pair — see PCB page in the 
next issue 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2012. 
www.siliconchip.com.au 


end of each of the seven buttons (six 
sharing three lines between them). The 
other side of each button is connected 
via 1N4148 diodes to transistors Q6 
and Q7; the diodes are on Fig.3, while 
the transistors are on Fig.2. 
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Constructional 


Fig.4: the default Locked Mode display. 
The unit generates a 1kHz sinewave 
signal with a 180° phase difference 
between the two channels. 


Fig.5: the default Sweep Mode display. 
Both channels output asinewave, which 
starts at 20Hz and ramps up to 20kHz 
over a 10s period. 


Fig.6: the default Pulsed Mode display. 
Both channels alternate between 0dB 
and -30dB amplitude each second 
(100ms high; 900ms low). 


Fig.7: the output/wave type setting 
display. In this case, the sampling rate is 
48kHz and asinewaveis being generated. 


When transistors Q6 and Q7 are 
switched off by the microcontroller, 
the diodes ensure that they do not 
affect the LCD I/O lines, regardless of 
whether any of the buttons are pressed. 
However, we can sense the button 
state when the transistors are turned 
on (one at a time) while we simultane- 
ously enable the pull-up resistors on 
the four LCD I/O lines, pins 17, 18, 21 
and 22 of IC4. 

In this state, any button that is 
pressed will pull its corresponding I/O 
line low if its associated transistor is 
actively sinking current. Thus, we can 
periodically scan the buttons without 
affecting the LCD. 


Battery charging 

As mentioned earlier, nickel metal 
hydride (NiMH) rechargeable cells can 
be used to power the unit, and you can 
adda 10Q 1W resistor to trickle charge 
them whenever the plugpack is con- 
nected. We’ve provided an appropriate 
mounting point on the PC board. 


18 


The final trickle charge current for 
an NiMH cell varies somewhat, but is 
typically between C/10 and C/40, ie 
1/10th to 1/40th of its rated amp-hour 
capacity. We’ve set the resistor so that 
it provides a little under 100mA to 
the cells once they are fully charged, 
which equates to a rate of C/20 for 
2000mAh cells. Keep in mind that 
the charge current will be appreciably 
higher than this when the cells are flat, 
as it decreases during charging. 

If you use cells with a lower capac- 
ity than 2000mAh, then you need 
to increase the value of the resistor 
accordingly. For example, 800mAh 
cells would require a 27Q 1W resistor, 
rather than the 10Q resistor specified. 
For 600mAh cells, you would use 339. 
We don’t recommend you exceed C/20 
for any NiMH cells. 

Trickle charging is a lot slower than 
removing the cells and charging them 
‘properly’, but it is more convenient. 
This is especially true if you will 
generally run the signal generator off 
mains power, with occasional battery 
use in-between. This way, the battery 
will always be ready for those times 
you need to take it into the field, or are 
away from a convenient power point. It 
also saves you the hassle of having to 
unscrew the lid to gain access to them. 

Heat dissipation in the resistor will 
be kept under its 1W rating as long as 
the battery never goes below 3.6V. It’s 
not a good idea to discharge NiMH 
cells to that extent anyway. If you do 
apply DC power with a battery below 
3.6V, its voltage should rise rapidly 
and reduce the charge current to the 
safe range, but the best option in that 
case would be to remove the cells and 
then reinstall them once they have been 
properly charged. 

If you install this resistor, you can 
only use NiMH or NiCad cells in the 
device. If you ever use alkaline or dry 
cells, do not install it, or they might 
overheat and leak if you accidentally 
plug it into DC power. 


Software details 

All software program files for the 
Digital Audio Signal Generator will 
be available from the EPE website at: 
Wwww.epemag.com. 

The software development for 
this project was complicated by the 
number of modes and features, and 
because all the modes have to run in 
real time up to the maximum 96kHz 


sampling rate. We were able to pack 
it all into the 64KB of Flash memory 
— but only just. The software consists 
of a number of modules: 


LCD display routines 
Button sensing and repeat logic 

e Interface code — determines what 
to display on the LCD and how to 
react to button presses 

e Digital and analogue output control 

e Waveform generation (sine table 
lookup, linear interpolation, other 
waveform calculations) 
Output amplitude scaling 

e Waveform generation modes (eg, 
mixed, sweep, pulsed) 
S/PDIF encoding 

e Direct memory access (DMA) inter- 
rupt servicing 

e Communication between the 
interface code and the waveform 
generator 

e EEPROM emulation for storing set- 
tings in Flash memory (provided 
by Microchip) 

e Battery monitoring and power 
saving 


The interface code runs in the main 
loop, while all the waveform genera- 
tion happens asynchronously in the 
DMA interrupt service routine (ISR). 
This way, the time-critical waveform 
generation has absolute priority. 

If it did not provide the output data 
within a certain amount of time in all 
cases, the waveforms would be subject to 
glitches. In practice, this scheme works 
well because even though the interface 
only has a small percentage of the CPU 
time remaining to run, it is not an inten- 
sive task, so the delay is not noticeable. 

What ties it all together is the com- 
munication code that passes data from 
the interface to the ISR. It is imple- 
mented so that changes in the output 
are as seamless as possible. 

Simultaneous analogue and digital 
output is only available at the 48kHz 
sampling rate. This is because at 96kHz, 
we only have halfas much time to gener- 
ate the waveform data, and it’s simply 
too slow to output both sets of data. We 
can’t enable the analogue outputs at 
44.1kHz either, because the DAC clock 
input is less flexible than the DCT’s. 


Real-time processing 
With the microcontroller running at 
40MHz and outputting audio data 
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Fig.8: this screen grab shows a 1kHz sine- 
wave from one of the analogue outputs. 


Nome etentowes 


Fig.9: this is the 1kHz triangle wave 
output from one ofthe analogue outputs. 


at 96kHz, we only have 40M/96k = 
416 processor cycles to generate and 
output each data point for both 
channels. This may sound like plenty of 
cycles, but there is much to do in that 
time. The steps set out in Table 5 must 
occur for each set of four samples that 
are output (experimentally determined 
to be the optimal number). 

Because this all has to be executed in 
under 416 cycles per sample under all 
circumstances (in reality slightly less), it 
became obvious that we needed to spe- 
cialise the ISR routines for certain modes. 

The final version of the software has 
31 different ISR subroutines. Each one 
covers some subset of the 100 possible 
mode combinations. Some handle a 
single mode, others several. 

The more complex the mode com- 
bination, the more specialised the 
ISR must be to run fast enough. It’s 
a balancing act between having few 
enough routines to fit in Flash memory, 
but specialising them sufficiently to 
run fast enough. 

As an example of a mode-specific 
ISR, there is one specifically to handle 
a high-to-low frequency geometric 
sweep with a sinewave format at the 
48kHz sampling rate. Whenever you 
change the mode, the code determines 
which handler is appropriate and 
installs it. 
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Table 42 Weneionn generation mode dats 


Locked Mode 

Options: Frequency (Hz), phase difference between channels (0-360°), left channel 
amplitude, right channel amplitude. 

Output: Each channel generates a waveform of the same type and frequency, 
with independent amplitudes. The phase difference between the channels is 
maintained at the specified number of degrees. 

Uses: As well as general signal generation duty, especially when you want both 
channels to provide identical signals (ie, set phase difference to 0°), this could 
be used (for example) to test the power delivery capability of a bridged stereo 
amplifier, by feeding the same sinewave to its two inputs 180° out of phase. 


Independent Mode 

Options: Left channel frequency (Hz), right channel frequency (Hz), left channel 
amplitude, right channel amplitude. 

Output: Each channel generates a waveform of the same type, with independent 
amplitudes and frequencies. There is no fixed phase relationship between the 
channels, although if one frequency is an integer multiple of the other, then the 
generator will attempt to keep them in phase (eg, 1kHz and 2kHz). 

Uses: Could be used, for example, to measure high-frequency feed-through 
between channels, or as two independent simple signal generators. 


Mixed Mode 

Options: Frequency A (Hz), frequency B (Hz), amplitude A, amplitude B. 

Output: Both channels generate the same waveform, although they can be inde- 
pendently muted. The output consists of the average of the two waves specified. 
There is no fixed phase relationship between the waves, although if one frequency 
is an integer multiple of the other, the generator will attemptto keep them in phase. 
Because they are averaged, the maximum amplitude of either of the two waves 
is effectively half that of the other modes. 

Uses: Could be used to measure intermodulation distortion with the correct analysis 
equipment (eg, FFT analyser) or alternatively, used when you need a repetitive 
waveform with some harmonics. 


Pulsed Mode 

Options: Frequency (Hz), on amplitude, off amplitude, on time (0-999ms), off time 
(0-9999ms). 

Output: Both channels generate the same signal, but can be independently muted. 
The output consists of the specified waveform and frequency, with a varying 
amplitude. The scale is set to the ‘on amplitude’ for the period of ‘on time’, then 
it changes to the ‘off amplitude’ for the period of ‘off time’. This process repeats 
forever. Both amplitude changes occur on the first available zero crossing to pre- 
vent glitches in the output unless the frequency is so low as to make it impractical 
(<500Hz, lower in some modes). 

Uses: Primarily to measure ‘headroom’ or ‘music power’ of an amplifier, but there 
are other situations where a pulsed waveform may be useful. 


Sweep Mode 

Options: Start frequency (Hz), finish frequency (Hz), sweep time (0-99.9s), off time 
(0-99s), amplitude. 

Output: Both channels generate the same signal, although they can be independ- 
ently muted. The signal consists of the specified waveform and amplitude, with 
the frequency sweeping between the specified start and end points. If the start 
frequency is set lower than the finish frequency then it will sweep up, otherwise it 
will sweep down. By default, the sweep rate is exponential, which means that the 
time it takes for the frequency to double (or halve) is consistent. However, if for 
some reason you want the sweep to have a constant rate of frequency change 
(in Hz) you can enable the ‘linear sweep’ mode. 

Uses: Frequency response measurements for analogue equipment and speak- 
ers, speaker crossover and placement optimisation and sub-woofer matching. 
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Constructional 


fablepowmRealatimesphocessingEsteps 


1) Enter ISR 
2) Save register context 
3) For each of the four samples: 


(a) Calculate the next waveform point value 

(b) Scale it to the appropriate amplitude 

(c) If mixing, calculate the other waveforms and average them 

(d) If outputting S/PDIF, perform S/PDIF bitstream encoding 

(e) If analogue outputs are active, place sampling value in DAC buffer 


(f) Update the waveform position 


(g) Determine whether we are in a special mode (pulsed or sweep) 
(h) Adjust amplitudes/frequencies over time as necessary 


(i) Write to DMA buffer. 
4) Clear interrupt flag 
5) Restore register context 
6) Leave ISR 


Sinewave generation is the slowest of 
all the waveforms. Because it takes too 
long to calculate the sine values from 
first principles, we use a 6000-entry, 
quarter-sine table stored in the flash 
memory. This takes up approximately 
18KB of the available 64KB. 

Normally, tables stored in Flash on 
a dsPIC device take up 50% greater 
space than you would expect, because 
of the way it packs 16-bit data words 
into the 24-bit flash. However, we 
came up with a way to use all 24 bits 
of each instruction word to store the 
sine table data. 

The possibility of packed Flash 
storage for data is mentioned in the 
Microchip documentation, but they do 
not explain how to do it. In the end, we 
had to ‘pretend’ the sine values were in- 
struction op-codes and use the TBLRDL 
and TBLRDH assembly instructions to 
access them. 

The remaining subroutines in the 
software are straightforward, ifsomewhat 
complex. The main loop scans to see 
whether any buttons are pressed and uses 
some logic to determine what any given 
button does, depending on the current 
screen. It then instructs the LCD to update 
and, if necessary, changes the waveform 
generation settings. All the while, the 
waveform generation code is running 
as needed to keep the DMA buffers full. 


S/PDIF output 

The S/PDIF output code isa little tricky. 
The S/PDIF bi-phase serial stream en- 
codes 64 bits per sample, so for 96kHz 
the bit rate is 96,000 x 64 = 6.144Mbits/ 
second. Logically, the easiest way to 
generate this stream is with some kind 
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of serial output peripheral, such as 
SPI. However, the bi-phase (aka NRZI) 
encoding complicates matters. 

Rather than adding external bi- 
phase encoding hardware, we decided 
the best approach was to double the 
serial bit rate and do the bi-phase 
encoding in software. This makes the 
maximum bit rate 12.288MHz. For- 
tunately, this is within the capabili- 
ties of the Data Conversion Interface 
(DCI) unit in the dsPIC33. However, 
the maximum clock rate it is able to 
generate internally is the master clock 
divided by four, ie, 10MHz. 

The solution is to generate the clock 
externally and use the DCI in slave 
mode. The 12.288MHz clock signal 
from the 74HC393 (IC3) is fed into the 
DCI and this determines the rate at 
which data is read out of RAM viaDMA 
and streamed to the DCI data output. 

In order to make the software bi- 
phase encoding fast, a 256-entry, 16-bit 
look-up table is used. This allows us 
to take eight bits of data and with a 
single RAM lookup and conditional 
bit inversion, compute the bi-phase 
encoded bit sequence. 

Then there’s the issue of the logical 
bitstream generation, ie, coming up 
with the S/PDIF data stream itself. It 
involves combining the audio sampling 
data with some status bits. We generate 
a table ofthese bits when the mode is set 
and feed them into the logical stream 
as it’s generated to save time. 


What’s coming 

That’s all for this month. Next month, 
we'll show you how to build the two 
boards and install them in the case. 


Need a small and 
cost-effective device? 


Look no further. 


PoScope Megai+ 


Smallest USB 2.0 portable 1MS/s oscilloscope 
Data acquisition of analog and digital signals 
Data recording 

Export to CSV, XLS, PDF and HTML 

Simple usage of advanced features 

Examples for C++, VB, Delphi and LabView 
Free software and updates 


PoKeys 56 


Smallest USB HID or ETHERNET I/O interface 
Keyboard and joystick simulator (USB) 

55 digital 1/O (configurable) 

LCD and LED matrixes driver 

6 PWM outputs, 26 encoder inputs 
Supports up to 10 I2C, 1-Wire sensors, 

up to 7 analog sensors 

Expandable with PoNet 

Free software and web interface (Ethernet) 


Visit www.poscope.com 
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From Brown 
To Green 


Technotalk 


Mark Nelson 


Our lead story is best not read at the meal table, not that this bothers our tasteless reporter, 
Mark. Applied electronics can now turn sewage into money (but don’t try this at home!). 


TOTAL lack of taste is 
A emetring Tam noted for, which 

is doubtless why I grossed out 
on the schlock horror film Toxic 
Avenger from Troma Studios. But in 
the non-fantasy world, toxic sludge is 
not so funny. Biosolids, the residual, 
semi-solid material remaining from 
industrial wastewater or sewage 
treatment processes, are an inevitable 
and putrid by-product from human 
existence. 

What makes this far worse are 
contaminants that are not broken down 
in the treatment process, such as heavy 
metals (arsenic, cadmium, copper, for 
instance), and toxic chemicals (eg, 
plasticisers and residues from clinical 
medicines). Together this makes toxic 
sludge, a potent source of danger to 
human life. 

One way of ‘losing’ biosolids is 
burning them with coal in coal-fired 
power stations, but this is hardly a 
green option and the toxic heavy metal 
elements remain. A novel proposition 
comes from Israeli start-up company 
Global Recycling Projects Ltd, which 
transforms toxic sludge into energy. As 
Israel National News reports, unlike 
other green projects (such as electric 
cars) that produce environmentally 
sound results, but still involve a large 
carbon footprint in the energy they 
depend upon, GRPL's scheme has the 
distinction of being truly green. 


Biomass reactor 

It manages this by harnessing energy 
from the sun to power a solar biomass 
reactor that turns the sludge into fuel 
gas for powering turbines to generate 
electricity. A field of tracking mirrors 
directs concentrated solar radiation 
towards the facility, powering the 
biomass reactor. With this system, 
waste processors can get rid of their 
sludge efficiently and easily, possibly 
selling the electricity to local utilities. 

To avoid human contact with toxic 
sludge, the firm has developed a 
robot that is remotely controlled and 
has explosion-proofing to protect the 
workforce. This can pump up to 200 
cubic metres of sludge per hour, while 
the solar-powered pyrolysis reactor 
produces fuel gas and solid ‘char’ 
material similar to charcoal. 

Although our sunshine levels 
would not enable this plant to work in 
Britain, it’s ideal for Israel, where this 
new technology is being deployed for 


22 


large companies and municipalities at 
several locations. As GRPL boss Boaz 
Zadik says, ‘Sludge is everywhere 
and we are working to make sure it 
disappears into electricity.’ 


Switch to LED 

Last week, I was pleased to see that my 
local Tesco supermarket had begun to 
stock LED replacements for standard 
light bulbs. Less satisfying was the 
price, just shy of £20 (which appears 
to be the going rate for LED bulbs that 
are more than decorations). 

On the Amazon website you can buy 
‘teal’ bayonet-cap LED bulbs for as 
little as £6.33, but these are paltry 5W 
affairs, equivalent to an incandescent 
lamp of just 25W. They are made by 
Philips Lighting, which, as it happens, 
called in December for a rapid switch 
worldwide to LED lighting. 

At the UN Climate Change Con- 
ference in Durban, the company’s 
senior director for energy and climate 
change stated that the world has now 
reached the tipping point where LED 
lighting can now be used for general 
high-quality lighting in almost all 
applications. Making the switch 
would help combat climate change, 
save energy and improve people’s 
lives, he argued. 

According to the International 
Energy Agency, lighting accounts 
for 19 per cent of global electricity 
production and a complete switch 
to the latest energy-efficient LED 
lighting globally could save energy 
consumption for lighting by 40 per 
cent. It won't take off while bulbs 
remain priced at twenty quid a pop, 
but a concerted move would bring 
rapid price falls, with the side benefit 
of removing from our ceilings those 
dreadful CFL bulbs that still take 
60 seconds or more to reach useful 
brightness. 


Serious about saving? 

I guess we all want to be seen as green, 
but how many of us walk the walk, as 
well as talking the talk? I’m certainly 
guilty of leaving my laptop battery 
on constant charge, but now I have 
discovered an energy-saving product 
that guarantees to recover its cost 
within 18 months. 

What makes the Eliminata Laptop 
Saver different is its truly novel modus 
operandi. Although the unit is about 
the same size as acommon timer plug, 


it is not just a time switch. Inside it 
is a microprocessor that continuously 
manages the laptop plugged into it. 

You don’t need to remember to do 
anything, the unit will deliver savings 
completely automatically. It does this 
by monitoring the laptop’s battery 
charge level, switching the appliance 
off or on in the same way as you could 
with the wall switch at the electrical 
socket. The voltage and current going 
to the laptop are not changed in any 
way when it is switched on, so it 
cannot harm your computer. 

Even when a laptop battery is fully 
charged and the laptop is either off or 
in stand-by mode, energy is still taken 
from the mains by the laptop’s own 
power supply and power management 
circuits. This energy is wasted and 
also shortens the life of the battery. 

The Laptop Saver measures the 
mains current drawn (and hence 
the laptop battery’s charge level), 
disconnecting power when it is fully 
charged. Afterwards, power is briefly 
reconnected at regular intervals to 
allow it to check the battery’s charge 
state. If the battery needs more 
charge — for example if the laptop 
has been used — power remains 
connected until it is fully charged 
again. Wasted energy is typically 
reduced by a factor of 60 and battery 
lifetime could, it is claimed, be 
extended by a year. 


Entirely new 

Obvious though this may sound, 
until now there has been no product 
like this available. Others on the 
market require you to switch the 
applance off and on manually, 
using a remote control, but this task 
is easily forgotten or else the remote 
goes missing. 

Released this spring, the Laptop 
Saver will cost you £23, and the 
manufacturer calculates it will save 
you £13 a year if your laptop is not 
in use 18 hours per weekday, and 44 
hours each weekend (full calculations 
on their website at: www.eliminata. 
com/product-laptop.html). Eliminata 
products are made by the British firm 
Energy Reducing Products Ltd, based 
deep in Silicon Fen at Landbeach, 
near Cambridge. Further energy saving 
products will be produced later this 
year, including smart wall sockets that 
monitor and memorise the use pattern 
of appliances. 
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Very, Very Accurate 


Thermomete! 


Based on the very accurate Dallas DS18B20 digital temperature sensor, 
this LCD Thermometer/Thermostat provides accurate readings to one 
decimal point. The LCD shows current, minimum and maximum 
temperature readings. 

An internal buzzer will sound when temperature limits are exceeded. 
It is intended for controlling air conditioners, heaters, cool rooms or 
wine cellars. The software is user-customisable. 
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/Thermostat 


HIS digital thermometer/ther- 

fl mostat is designed to be easy 
to use, accurate and stable for a 
variety of applications. With an overall 
range of —55°C to +125°C, it can read 
and display temperature with a great 
deal of precision — 0.5°C over most of 
its range — as well as trigger a warning 
buzzer or external devices if the tem- 
perature goes outside a specified range. 


Circuit details 
The full circuit diagram for the LCD 
Thermometer/Thermostat is shown 
in Fig.1. The heart of the device is the 
Atmel ATTiny861 microcontroller, 
which has 8KB of program flash, can 
run up to 20MHz and is specified for 
use in commercial and industrial ap- 
plications. 

The very accurate Dallas/Maxim 
DS18B20 is the temperature sensor. 
It has its own inbuilt analogue-to-dig- 
ital converter (ADC) Te 
and one-wire dig- | F eatures 
ital communication 
module, allowing it 
to transmit the real 
temperature in dig- 


the microcontroller. 
This results in more 
stable and accurate 
readings than many 
purely analogue tem- 
perature sensors, as 
well as removing the 
need for any kind of biasing circuitry 
to allow sensing of temperatures be- 
low 0°C. 

As a result, the specifications are 
outstanding. They include, accuracy 
of +0.5°C from —10°C to +85°C and 
a full range of -55°C to +125°C. The 
minimum and maximum temperature 
thresholds can be specified in 0.1°C 
increments. You can decide whether 
the piezoelectric buzzer should sound 
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Design by Michael Dedman (Altronics) 
Words by Michael Dedman and Nicholas Vinen 


if the temperature reading goes above 
the maximum threshold, below the 
minimum or both. 

On-board, there are two miniature 
relays, with normally open (NO) and 
normally closed (NC) contacts, which 
are available for triggering external 
devices under either or both condi- 
tions. The software also allows you to 
adjust the hysteresis, which eliminates 
‘relay chatter’ from occurring during 
switching. 

We have reports that it is possible 
to mount the sensor up to 300m away 
from the control box without affecting 
the performance, although the furthest 
Altronics has tested it is 100m. If you 
are planning on a cable run more than 
a few tens of metres, you may find it 
necessary to replace the 4.7kQ pull-up 
resistor on the sensor signal line with 
a lower value, due to the increased 
capacitance of a longer cable. 


_° Measures temperatures from -55°C to + 125°C 
© 0.5°C accuracy from -10°C to +85°C 
_° Sensor can be up to 300m away from controller 

ital format directly to } Two relays with NO or NC contacts for switching devices 


_ Buzzer alert for over and under-temperature 
e Adjustable hysteresis to prevent output oscillation 
¢ Runs from 8V to 35V DC @ 120mA 


There is also an in-circuit program- 
ming header on the PC board. The 
ATTiny861 comes pre-programmed, 
so there is no requirement for you 
to use it. However, more advanced 
constructors may wish to modify the 
microcontroller program to suit their 
own requirements. 

You can do this by using the BAS- 
COM compiler for Atmel microproc- 
essors (available from www.mcselec- 
tronics.com). An Atmel programmer 
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The tiny (TO-92 size) 
Dallas/Maxim DS18B20 
temperature sensor 
(shown here about 
twice life size with 
heatshrink insulation) 
gives this thermometer 
its accuracy and wide 
measurement range. 


will also be required to write new code 
to the ATTiny861’s Flash memory. 
Depending upon the pin configuration 
of your programmer, you may also 
need to make an adapter to suit the 
programming header on the PC board. 


Flexibility 
Unlike many commercial products, 
this project provides separate relays 
for the upper and lower temperature 
thresholds, and provides normally 
J open and normally 
closed contacts to give 
maximum flexibility. 
-| You can even hook upa 
| heater to one relay and 
| a cooler to the other, if 
| necessary. 
| Keep in mind the 
| limited voltage and 
current ratings of the 
relays (0.5A @125V AC, 
] or 1A @ 24V DC). So, if 
you want to switch a 
mains device or provide 
more current, the simplest way is to 
use the thermostat’s internal relays to 
drive 250V AC-rated external relays. 
You can use the same voltage supply 
for the thermostat to drive the external 
relay(s), say 12V or 24V DC. 


Applications 

Designer Mike Dedman was so en- 
thused with the features of this de- 
vice he built two. One is interfaced 
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to his home aquarium heater, and 
this holds the water temperature at 
25+1°C. 

The second is interfaced to his car 
air conditioning system. Most cars 
have no real temperature control in air 
conditioning mode, and as a result, the 
compressor cycles on and off continu- 
ously until the windscreen freezes up. 
Thanks to its adjustable temperature 
limits, this project can, for example, 
keep a car’s interior at a comfortable 
21+0.5°C. 

It achieves this by switching on the 
compressor until the interior tempera- 
ture gets down to 21°C, then the air 


CONT 1N4Q04 REG1 7805 
+8:35V(o\ Af) IN a 
POWER ~ 

IN 


DS18B20 > 


+5V: GND 
SENS 


D1: 1N4002 


a} 
AK 


conditioning turns off and remains 
off until it goes above 21.5°C (ie, a 
temperature rise of 0.5°C). Not only 
is this a great deal more comfortable 
for passengers, but it also improves 
the fuel economy of the car. 

These are just two of the practical 
uses that this unit can be used for. 
Other uses — we’re sure you'll think 
of many more — include wine cellars, 
cool rooms, home-brew setups, fan 
heaters and fan coolers. 


Construction 
The component overlay of the PC 
board assembly is shown in Fig.2, with 
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the LCD module piggy-backed on the 
main board. This board is available 
from the EPE PCB Service, code 840. 
Start by checking the copper tracks 
on the board for short circuits or frac- 
tures/over etching, and then check the 
components against the parts list for 
completeness. Note that the micro- 
controller and sensor come packed in 
anti-static foam — it is best to keep them 
that way until it is time to install them. 
Once you are sure the board has no 
faults, install the resistors and diodes. 
Measure each resistor’s value with a 
multimeter before installing it — the 
colour bands can be hard to read. 


1N4148 * 


b3 (a 
1N4148 


#NOTE: RELAY 
CONTACTS 
NOT RATED 
FOR MAINS 
SWITCHING 


LCD THERMOMETER/THERMOSTAT 


Fig.1: the thermometer gets its accuracy from the DS18B20 sensor. Its digital output 
is read and processed by the Atmel microprocessor, which displays the data on the 


LCD module and also controls the alarm/control circuitry. 
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Be careful with the diode polari- 
ties — check that they are oriented as 
shown on Fig.2, the PC board com- 
ponent overlay. Be sure to install the 
1N4002/1N4004 diode in the location 
shown, near the power supply input 
— the rest of the diodes are the smaller 
1N4148s. 

Next, solder in the 20-pin DIL socket 
for the microcontroller, which goes 
in the middle of the PC board. Make 
sure the notch at the end of the socket 
lines up with the one drawn on the 
component layout diagram, Fig.2, and 
ensure it is sitting flat on the board 
before soldering all the pins. Don’t 
install the IC yet. 

After that, install the buzzer and 
potentiometer VR1. The buzzer is 
polarised; it can fit in either way, but 
only one is correct. Make sure the ‘+ 
shown on the sticker or plastic case is 
facing the ‘+’ shown on the PC board 
overlay, before soldering it. 

Once it’s in place, you can pull the 
sticker off. The trimpot is easier; it will 
only go in one way. 


Pin headers 

Follow with the male pin headers. 
There is one 6-pin header and three 
2-pin headers. Snap off an appropriate 
length from the strip provided using 
pliers and solder them into place. 

This is also a good time to install 
the 16-pin female header, but first you 
have to cut it to size. The supplied 
header has a few too many pins. The 
easiest way to cut it is with a pair of 
side cutters — find the 17th pin socket 
and carefully make a cut in the middle 
of that pin (ie, not between the 16th 
and 17th pins, otherwise pin 16 may 
fall out). Double check before making 
the cut that there are going to be 16 
intact pins left afterwards. 

Now it’s just a matter of tidying up 
the remaining bits of plastic left over 
from where you made the cut, and you 
can then solder it into place on the PC 
board. It must be mounted flat on the 
PC board, and parallel with the LCD 
outline shown in Fig.2, before solder- 
ing all the pins — otherwise, you will 
have trouble fitting the LCD later. 


Transistors 

Now you can install the three TO-92 
package transistors — all are BC548s. 
Don’t mix the temperature sensor 
up with the transistors (they are all 
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Fig.2 (top): the component overlay, = ae 


shown here with the LCD module in 
place and the components underneath 
it ghosted. This is also shown in the 
same-size photographs above and 
right - the area of the red circle at 
right, without the LCD module in 
place, is that shown within the dashed 
circle above. 


TO-92 packages). If you accidentally 
solder the sensor onto the board 
instead, not only is it going to be 
difficult to remove, but it could be 
damaged. 

The pins of the BC548s are too 
close to fit through the holes on the 
PC board, so use needle-nose pliers 
to splay the two outer pins forward 
and outward (with the labelled side 
of the transistor at the front) and the 
middle pin backward. Then bend 
them all back parallel so that they fit 
through the holes, and solder them in 
place. The flat face of each transistor 
is oriented as shown on the overlay. 

Next, install the five non-polarised 
MKT capacitors. Two of the capacitors 
sit right up against the IC socket, but 
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there should be just enough space on 
either side for them to fit. 

Having done that, solder the two 
relays to the board. They can only go 
one way around — don’t bend the pins, 
and ensure they are sitting flat before 
soldering them down. 

Nowfit the sole electrolytic capacitor 
(470uF) into place. Ensure the longer 
leg goes into the hole adjacent to the 

+’ symbol on the component overlay. 
After soldering it, install the three 
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Part List - LCD Thermometer/Thermostat 


4 


size 60mm x 122mm 


M3 x 6mm pan-head screws 


Tactile pushbutton switches 


20-pin DIL IC socket 

Silicone rubber TO-220 washer 
M3 x 15mm tapped steel spacers 
Header pin shorting blocks 

30cm length of 10-wire ribbon cable 


1 
1 
) 
1 
1 
1 
3 
2 
1 
1 
1 
2. 
2 


10cm length of 3mm heatshrink tubing 


Semiconductors 


PC board, code 840, available from the EPE PCB Service, 


UB3-size box with screened and punched front panel 
TO-220 heatsink, 10 x 22mm (Altronics HO640) 


12-way screw terminal block, PC-mount (5.08mm pitch) 
40-way male pin header strip (2.54mm pitch) 
20-way female pin header strip (2.54mm pitch) 


Mini 1A SPDT relay, 5V coil (Altronics S4111) 
Self-oscillating piezoelectric buzzer, 3V to 16V, PC-mount 


1 ATTiny861-20PU (pre-programmed by Altronics) (IC1) 


1 DS18B20 digital temperature sensor 


1 16x2 alphanumeric LCD module, with backlight (Altronics Z7013) 
1 7805 5V positive voltage regulator (REG1) 
3 BC548 NPN small-signal transistors (Q1 to Q3) 


1 1N4004 diode (D1) 
4 1N4148 signal diodes (D2 to D5) 


Capacitors 
1 470uF 16V electrolytic 
5 100nF 50V MKT polyester 


Resistors (0.25W 1%) 
1 47kQ 5 4.7kQ. 
1 10kQ horizontal trimpot 


terminal blocks — 2-way, 3-way and 
6-way — into the appropriate locations, 
ensuring that the wire entry points face 
to the outside of the PC board. 


Regulator 

The 7805 regulator should be loosely 
fitted to its heatsink before soldering it 
to the PC board. Insert an M3 x 6mm 
bolt through the metal tab of the 7805 
regulator. Place a TO-220 silicone 
washer behind the TO-220 tab, with 
the bolt passing through the hole. 
Now screw the regulator and washer 
onto the heatsink. Don’t tighten it 
completely though — just screw it in 
most of the way. 

Having done that, you can now put 
the regulator legs into the holes on the 
PC board and, lining up the two posts 
on the heatsink with the holes in the 
PC board at the same time, push the 
regulator/heatsink assembly until it’s 
right up against the PC board. 

Now turn the PC board over and sol- 
der the heatsink down. You will need 
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5 0Q (or wire links) 


a hot iron, because the heatsink will 
draw a lot of the heat away. Make sure 
after you’ve soldered the first post that 
the heatsink is fully in contact with 
the PC board surface before attaching 
the second. 

Check that the silicone washer is 
sitting properly behind the regulator 
— adjust it if it isn’t — and holding it 
in place, tighten the bolt down. Now 
the TO-220 package should be held 
rigidly in place and you can solder 
its pins to the board and trim the 
excess. 

At this point, it’s also worth bolting 
the two tapped spacers to the PC board. 
They go on the same side as the rest 
of the components. Make sure the M3 
bolts are tightened right up. 


Installing the switches 
Installation of the pushbutton switch- 
es is a little tricky because they need 
to sit about 2mm off the PC board in 
order to project properly through the 
holes in the case lid. 


Since they do not sit up against 
the PC board, you will have to adjust 
their angle so that they are properly 
centered with respect to those holes. 

First, take one of the switches and 
check its correct orientation on the PC 
board. The component overlay, Fig.2, 
shows the ‘NO’ and ‘NC’ ends of each 
button, and this is also stamped into 
the metal shield on the side of the 
specified switches. 

You will need to check the stamped 
information to make sure you are 
orienting them correctly. Once that 
is done, insert one of the switches 
through the holes, but not all the way. 
With its body about 2mm above the PC 
board, solder the centre pin, trying to 
keep it as close to vertical with respect 
to the PC board as possible. 


Putting it in the box 

Assembly is basically complete, so you 
can now install the PC board in the box 
—first, check it is at the right height and 
properly centered. 

The PC board is held in the box by 
a ‘shelf’ or notches cut into the ridges 
molded into the inside surface (there 
are no mounting screws as such). 

Hold the PC board with the com- 
ponent side up and the terminal 
blocks away from you, and tilt the 
far side upwards. Now lower it into 
the box until the edge closest to you 
engages the notches. Then rotate it 
by pushing the back down until it 
snaps into place. 

It’s possible (though unlikely) that, 
due to manufacturing tolerances, it 
won't quite fit properly. If this is the 
case then use a file to slightly reduce 
one or both sides of the PC board until 
it fits in place. 

If the sides of the box bow outwards 
with the PC board in place, take it out 
and file off a small amount from the 
edges. The easiest way to check this 
is to rest the lid on top of the box with 
the PC board inside and check that the 
edges line up properly. If they do, then 
there is no problem. 

Otherwise, file away the PC board 
until it fits better. 

Now place the lid down on top of 
the box, but don’t attach the screws. 
This should allow you to determine 
whether you have to adjust the switch 
button, and if so, in which direction 
for it to project properly through the 
appropriate hole in the lid. 
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Here’s how it all goes together in the UB3-size box, ready for the lid to go on. Watch the power polarity — if it’s wrong, it 


won’t work. The connections to the temperature sensor must also be right — if they’re wrong, you will probably destroy it. 


The surface of the switch push-but- 
tons should stick up slightly through 
the lid so that you can press them 
easily, without projecting more than 
a millimeter or two above it. 

Once you have determined how 
much you need to adjust the push- 
button, remove the lid and lever the 
PC board out of the box by grabbing 
the six-way terminal block and pull- 
ing it up and away from the box edge. 

With the board out, re-melt the 
solder joint holding the switch in 
place and carefully nudge it in the 
appropriate direction. Then re- 
install the PC board and repeat this 
procedure until you are happy with 
the placement. Then solder the two 
remaining pins. 

Once that is finished you will need 
to go through the same steps for the 
other two switches. 


Installing the microcontroller 
The microcontroller (IC1) sits under 
the LCD, so it must be installed first. 
However, before you do that, it’s a 
good idea to check that what you have 
built so far is working correctly. 

To do so, wire an ammeter (or a 
multimeter on, say, its 5|00mA range) 
in series with a suitable power supply 


(12V is a good choice) and connect it 
to the power input terminal block with 
a couple of lengths of wire. 

Switch on the power supply and 
note the current drawn. It should be 
less than 20mA. Now check the voltage 
across pin 5 and pin 6 of the microcon- 
troller DIL socket. It should be close 
to 5V — if it is not, disconnect power 
and check for incorrectly installed 
components. 

If (and only if) all is OK, (with 
power still disconnected) insert the 
microcontroller IC in its socket. Bend 
its pins so that they fit in the socket 
and push it down firmly. Make sure 
you don’t put it in backwards — the 
notch at the end of the IC package 
must line up with the one on the 
socket. 


Soldering the LCD 

Like the pushbutton switches, the LCD 
module is also a little tricky to solder 
due to physical mounting require- 
ments. The easiest way to do it is to 
snap off a length of 16 pins from the 
remaining male pin header strip and, 
keeping the longer part of the pins 
facing down, loosely push it down 
into the female header you’ve already 
soldered to the PC board. 
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Now place the LCD down on top of 
the spacers so that the header pins fit 
through the row of holes on the LCD 
module and bolt it down to the tapped 
spacers using the remaining M3 x 6mm 
bolts. By the way, don’t remove the 
plastic protecting the LCD screen yet. 

Once the LCD is bolted down and 
can’t move, use a small flat-bladed 
screwdriver to push the male header 
up or down so that the tips of the 
pins stick up a tiny bit through the 
LCD module. They should only be 
about half a millimetre above the LCD 
module board surface. That way, the 
other end of the pins will be properly 
engaged to the female header. 

Ensure that it is sitting parallel with 
the LCD, so that the same amount of 
pin sticks up at both ends. Now care- 
fully, without moving the header, sol- 
der it to the LCD module from the top. 


Testing and set-up 
To properly test the thermometer, you 
need to wire up the temperature sensor. 
Your final installation may require a 
different arrangement, but for now, the 
easiest thing to do is to use a length of 
ribbon cable. 

Strip off three wires from the ribbon 
cable and pull the wires apart until 
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there are single strands 4cm long at 
one end and 8cm at the other. Strip 
and tin about 5mm of conductor from 
all three wires at both ends. 

Cut three equal lengths of the thin 
heatshrink tubing — slightly longer than 
the legs on the temperature sensor. One 
at a time, slip a length of heatshrink 
onto one of the 8cm-long wires and 
push it down as far as you can. The 
tinned end of the wire should be suffi- 
ciently clear of the heatshrink tubing so 
that when you solder it, it won’t shrink 
prematurely. Repeat for all three pins. 

Slide the heatshrink up over the 
pins and solder joints and shrink it. 
This should leave no exposed metal 
that could short the pins together. 

You may want to shrink a short 
length of 6mm diameter heatshrink 
tube over the sensor, pins and ends 
of the wire, as we have shown in our 
photos. This way, the whole sensor is 
electrically insulated and the pins can’t 
be bent or move easily. 

Now you can screw the other end 
of the ribbon cable into the three-way 
terminal block on the PC board, mak- 
ing sure that the three wires connect 
to their correct terminals, as shown on 
the circuit diagram (Fig.1 - CON2). If 
you get them mixed up it could damage 
the sensor. 


It’s alive! 

Reapply power and check that the 
thermometer is functioning properly. 
Check that current draw is below 
100mA. If all seems OK, adjust the 
contrast potentiometer (VR1) with a 
small Philips screwdriver until text 
is visible on the display. 

The top line should show the cur- 
rent temperature reading, while the 
bottom line alternates between the 
minimum and maximum values that 
have been seen during the current ses- 
sion. Pick up the temperature sensor 
between two fingers and check that the 
temperature rises as your body heats 
it. When you let go, it should slowly 
fall back to the ambient temperature. 


Preparing the case 

Before you can finish the set-up and 
installation it’s necessary to drill 
some holes in the sides or rear of 
the case for the power supply wir- 
ing, temperature sensor cable and, if 
necessary, cables for connection to 
the relay(s). 


30 


As you can see in the photos, we 
have drilled one small hole for the 
power wires and one for the sensor 
cable, but you can vary this pattern 
according to your needs. Multicore 
cable with a circular cross-section is 
probably the best choice for a perma- 
nent installation. If you drill the holes 
just big enough to feed it through, you 
can get a fairly tight seal so that dirt 
and dust can’t get in. 


Setting the jumpers 

Before putting the lid on the box, you 
need to set the three links or jumpers 
(labelled LK1, LK2 and LK3). If you 
want to change them later you will 
have to remove the lid. 

Placing a shorting block on LK3 
(labelled ‘OVER’) will make the buzzer 
sound whenever the sensed tempera- 
ture goes over the upper threshold. 
The limit can be changed any time, but 
the jumper can’t be changed as easily. 

Similarly, LK2 (labelled ‘UNDER’) 
will, if shorted, cause the buzzer to 
sound if the sensed temperature is 
below the lower threshold. 

The third link, LK1, is labelled 
‘BACKLIGHT’ and not surprisingly, if 
shorted will enable the LCD backlight. 
Unless low current consumption is 
critical, this is probably a good idea, 
since it makes the LCD text more easily 
visible, especially in dim light. 

The majority of applications will 
not require LK2 and LK3 shorted at 
the same time, so you will probably 
only need two shorting blocks. If you 
need more, they are readily available 
(eg, from old computer motherboards). 


Finishing off 

To finish off, feed the cables through 
the holes drilled in the case. Pull 
them through far enough that you can 
screw the wire ends into the terminal 
blocks on the PC board. Make sure 
that no loose strands of wire emerge 
from the terminal blocks to short their 
neighbours. 

Once all wires are firmly attached 
you can snap the PC board into place. 
This may require pulling the cables par- 
tially back through the holes in the case. 

You can now remove the protective 
plastic film from the LCD and place the 
lid on top of the box, making sure that 
the push-buttons move freely in their 
holes. Secure the lid in place using 
four self-tapping screws. 


This project was designed and devel- 
oped by Altronics Distributors Pty Ltd, 
who retain the copyright on the design, 
the microprocessor code and PC board 


artwork. 

Complete kits (as per the parts 
list on page 28) are available from 
Altronics (www.altronics.com.au) for 
about £40 (plus P&P). 


Final set up and use 

To adjust the settings, press the ‘menu’ 
button. The display should now read 
‘MIN TRIGGER’ at the top, and the 
bottom line should indicate the cur- 
rent lower temperature threshold. This 
is the temperature which will trigger 
Relay 1 ifthe sensed temperature falls 
below it, and set off the ‘UNDER’ alarm 
if you have enabled it. 

Press the up and down buttons to 
adjust it — each press will change the 
value by 0.1°C. 

Now press the ‘menu’ button again 
and the display should show ‘MAX 
TRIGGER’, which is the temperature 
which will trigger Relay 2 ifthe sensed 
temperature rises above it, and set off 
the ‘OVER’ alarm if you have enabled 
it. MAX TRIGGER is adjusted in the 
same way as MIN TRIGGER. 

Press the ‘menuw’ button a third time, 
the top line will read ‘HYSTERESIS’. 
This determines how often the device 
you are controlling with the thermostat 
will switch, by setting the amount by 
which the temperature has to change 
after the thermostat switches, for it to 
switch again. 

For example, if you set the upper 
threshold temperature to 25°C and the 
hysteresis value to 0.5°C, then Relay 1 
will switch on as soon as the tempera- 
ture exceeds 25°C, but won’t switch off 
until it falls below 24.5°C. The same 
is true of the lower threshold, but in 
reverse. This prevents rapid switching 
of the relay due to the feedback loop 
formed by your heater/cooler. 

A larger hysteresis value will cause 
the heater/cooler to switch less often, 
but also means the temperature will 
vary over a wider range. 

Once set, press the ‘menu’ button 
again and the default display should 
reappear. The thermometer/thermostat 
will operate normally again and the new 
values, stored permanently in EEPROM 
memory, will take effect. EPE 
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Internet Time 
Display Modgyg 


.. 2 4 Simple acic-on tor tine 


Looking for a really accurate clock? This simple add-on board 
for the WIB (Web Server In A Box) displays the time and date, 
as gathered from an internet time server. You can use it as a 
clock you never need to adjust, and it can even be configured 
in the WIB to automatically adjust for daylight saving time. 


N THE previous three issues of 

EPE, we published the WIB (Web 
Server In a Box), an ethernet-based 
web server with a memory card. This 
simple add-on board allows the time 
and date to be displayed on a 7-seg- 
ment four-digit LED display. The time 
is gathered from the Internet, and is 
re-synchronised every 10 minutes by 
the WIB for update on the display. 

In operation, the time and date in- 
formation gathered by the WIB is sent 
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to the add-on module via the on-board 
serial port. The hours, minutes, sec- 
onds, day, month and year can all be 
displayed. A single pushbutton switch 
allows you to scroll through the time 
and date readings, or you can set the 
unit to automatically scroll through 
the time and date displays. 


Circuit operation 
Take a look at the WIB Time Display 
Module circuit diagram of Fig.1. It’s 


based ona single microcontroller (IC1), 
in this case a PIC18F1320. Apart from 
that, there’s just the four 7-segment 
LED displays, 12 transistors to drive the 
displays and a handful of minor parts. 

To keep the cost down, an 8MHz 
RC oscillator internal to IC1 is used as 
the system clock. Its accuracy is quite 
sufficient for our purposes — it really 
only affects the baud rate of the UART 
(universal asynchronous receiver/trans- 
mitter) used to receive the time and date 
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DISP2 DISP3 


WIB TIME DISPLAY MODULE 


Fig.1: the circuit uses microcontroller IC1 to process the serial data from the WIB PC board. IC1 then drives four 7-segment 
LED displays in multiplex fashion via switching transistors Q1 to Q12. 


information from the WIB. In any case, 
the baud rate is synchronised automati- 
cally to the baud rate of the UART in the 
WIB (more on this later). 

In operation, IC1 receives the time 
and date information on its Rx pin 
(pin 10). This data is then processed 
by the internal firmware and IC1 then 
drives the 7-segment LED displays 
(DISP1 to DSP4) in multiplex fashion 
via switching transistors Q1 to Q12. 

The 7-segment LED displays each 
have a common cathode; these are 
driven (one at a time) by the RA3 to 
RAO outputs of IC1 via NPN transis- 
tors Q9 to Q12. A single 2Q resistor is 
used to limit the peak current through 
the displays. This needs to be substan- 
tial to obtain reasonable brightness. 

The 330Q resistors provide base- 
current limiting for the transistors. 

By contrast, the corresponding an- 
odes of each display digit are connected 
together and these are driven by IC1 via 
PNP transistors Q1 to Q8. Transistors 
Q1 to Q7 drive the segments, while Q8 
drives the decimal point. 


Switch S1 is used to scroll between 
the time and date displays and to se- 
lect the display mode. Normally, pin 
4 (RA5/MCLR) of IC1 is pulled high 
via a 1kQ resistor, but each time S11 is 
pressed, pin 4 is pulled low. 

A short press, ie, less than 1s, 
scrolls to the next display, while a 
long press (longer than 1s) is used 
to change the display mode. This is 
described in greater detail later. 

Power for the circuit is derived from 
the +3.3V rail on the WIB board, and 
is fed via connector CON1. A 470uF 
electrolytic capacitor and a 100nF 


monolithic capacitor provide supply 
decoupling for the module. 

The PGC, PGD and MCLR lines are 
used only for programming the PIC 
microcontroller, if necessary. These 
inputs are all made available on CON1, 
as are the power supply and receive 
(Rx) connections. A transmit output 
from the microcontroller has also been 
made available, but is unused in this 
application. 


Software 
All software program files for the 
WIB Time Display Module are 


WiIBahimesDisplayaviodule-Maingkeatures 


Displays local time and date derived from an internet time server 
Can be configured in the WIB to automatically adjust to daylight 


saving time 


Six different display modes for time and date (including static and 
scrolling displays) 


Three line interface to the WIB, with automatic baud rate adjustment 
Persistent settings (settings stored in EEPROM) 
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Parts List 


1 PC board, code 836, available 
from the EPE PCB Service, 
size 76mm x 69mm 

1 piece of red perspex, 51mm x 
18mm 

4 M83 x 25mm nylon screws 

4 M3 x 12mm nylon spacers 

4 M3 nylon nuts 

1 18-pin IC socket 

2 20-pin IC socket strips or 1 x 
40-pin IC socket (to be cut in 
half) 

1 SPST PC-mount momentary 
switch (Jaycar SP-0721) 

1 0.5m-length of 0.7mm tinned 
copper wire (for links) 


Semiconductors 

1 PIC18F1320-I/P programmed 
microcontroller (IC1) 

8 BC327 PNPtransistors (Q1 to Q8) 

4 BC337 NPN transistors (Q9 to 
Q12) 

4 7-segment red common 
cathode LED displays (Jaycar 
ZD-1855) 


Capacitors 
1 470uF 16V radial electrolytic 
1 100nF monolithic 


Resistors (0.25W, 1%) 
11kQ 12Q 
12 3300 


available from the EPE website at: 
www.epemag.com. 


Firmware overview 

The firmware scans the pushbutton 
switch (S1), debounces it and differ- 
entiates between a short and a long 
press. It also listens for activity on the 
serial port. 

In operation, the time and date 
are sent by the WIB (when the time 
module is enabled) as a packet of 
bytes. Note that the time module 
in the WIB must be enabled via the 
SNTP set-up page, as shown in Fig.5 
(ie, in the default website supplied 
with the WIB). 

The baud rate is gathered automati- 
cally from a synchronisation header 
in the packet. This means that the 
module will work with any serial 
port baud rate of between 600 and 
115,200 bps (although even higher 
speeds will work). 

When the firmware receives a 
packet, it will display it according to 
the currently set display mode. There 
are seven display modes in total, as 
outlined under ‘Display modes’ on 
the final page, and switch S1 is used 
to select between them. 

Note that any settings made using 
S1 are persistent, ie, they are stored 
in EEPROM and are retained if the 
power is switched off. These settings 
include the display mode, whether 
the time is displayed in 12 or 24-hour 


format, and the order in which the day 
and month are displayed. These are 
preferences that can vary according 
to locality (the default values are set 
for Australia). 


Building it 

The WIB Time Display Module is built 
on a single-sided PC board, coded 
836, measuring 76mm x 69mm. This 
board is available from the EPE PCB 
Service.Fig.2 shows the board assem- 
bly details. 

Before starting the construction, you 
should inspect the board for defects, 
including shorts between copper tracks 
and open circuit tracks. That done, 
you can begin by installing the 19 wire 
links. Many of these go under the LED 
displays, so it’s vital that they go in first. 

You can use 0.7mm (or similar) 
tinned copper wire for the links. 
These links should all be nice and 
straight, so that they don’t short to- 
gether. If necessary, you can straighten 
the link wire by clamping one end in 
a vice and then stretching it slightly 
by pulling on the other end with a 
pair of pliers. 

Once the links are in, you can move 
on to the resistors. There are just three 
different values and you should check 
them using a digital multimeter. Make 
sure that the correct value is installed 
at each location. 

Next, the eight BC327 PNP transis- 
tors can be soldered in place. These are 
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transistors Q1 to Q4 on the left and Q5 
to Q8 on the right. They will only go 
in one way, but be sure to install them 
in the correct locations. 

Once these are in, you can install 
the four BC337 NPNtransistors. These 
are transistors Q9 to Q12, and they are 
located just below DISP2 and DISP3. 

The next thing to do is solder in 
the socket for IC1. Note that the notch 
must match the component overlay 
shown in Fig.2. 

If you are building the WIB Time 
Display Module froma kit, the microcon- 
troller will be supplied pre-programmed. 
If not, you will need to program it with 
the firmware file, which can be down- 
loaded from the EPE website. 

Once programmed, install IC1 in its 
socket with the correct orientation. 


Mounting the displays 
The four 7-segment LED displays are 
mounted by plugging them into two 
20-pin socket strips. You can either 
use SIL pin socket strips for this job, 
or you can cut a 40-pin IC socket into 
two 20-pin strips. 

Once the pin strips are in, plug the 
four displays in, making sure their 
decimal points are at bottom right (see 
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Fig.4: this cross-sectional diagram shows how the WIB Time Display 
Module is secured to the lid of the case. It’s mounted on four M3 x 12mm 
nylon spacers and secured using M3 x 25mm nylon screws. 


photo). Be sure to push each display 
down as far as it will go and make sure 
that all the pins go into the sockets. 

Switch S1 is next on the list. It must 
be installed with the flat side of its body 
oriented as shown in Fig.2. The assembly 
can then be completed by installing the 
two capacitors and 8-way socket connec- 
tor CON1. Take care with the orientation 
of the 470uF electrolytic capacitor. 


Connecting it to the WIB 
As shown in Fig.2, only three leads are 
required to connect the Time Display 
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Module to the WIB PC board. The +3.3V 
(Vdd) and GND (ground) connection 
can be picked up at the screw terminal 
blocks, while the Rx connection must 
be connected to the Tx (UART transmit) 
output pin on CON5 of the WIB. 

You can either make the connections 
to CON1 and CONS by soldering the 
leads to the underside of the PC boards, 
or you can plug the leads directly into 
the sockets and apply a small amount 
of solder to secure them. 

Because of the higher current 
consumption when the display 
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Fig.5: in order for the clock to work, you have to enter in the settings for a valid 
NTP server in the NTP Settings page of the default website supplied with the WIB. 
You also have to enable the Time Module by clicking the ‘1’ button (circled in red). 


Fig.6: the default Serial Port Baud Rate of 115200 (circled) can be left as it is on 
the Home page of the default website. However, just about any value between 
600 and 115,200bps can be used, because the display module automatically 
synchronises to the baud rate. 


module is connected, you will need 
a higher-rated plugpack than the one 
originally specified in the December 
2011 article. Back then, we specified 
a 6V to 9V 300mA plugpack, but you 
should make that a 6V to 9V 500mA 
plugpack if you are also using the WIB 
Time Display Module. 

The existing regulator on the WIB 
board will cope with the increased 
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current without problems, although 
it will run warmer. 


Boxing it 

The completed PC board can either be 
mounted in a separate case or it can be 
installed in the WIB case. If you choose 
the latter, then you will have to drill 
some additional holes in the lid and 
make a cutout for the LED displays. 


Fig.3 shows the drilling details for 
the lid. You can make the display cut- 
out by drilling a series of holes around 
the inside perimeter of the marked 
area, then knock out the centre piece 
and file the job to a smooth finish. 

Once the holes have been drilled, 
the module can be mounted in posi- 
tion on four M3 x 12mm nylon spacers, 
and secured using M3 x 25mm nylon 
screws — see Fig.4. That done, test fit 
the two halves of the case together 
without the end pieces and check that 
there is adequate clearance between 
the two boards (ie, no shorts). 

If everything is correct, the case can 
then be fully assembled and the lid 
secured in place using the self-tapping 
screws supplied. A 51mm x 18mm 
piece of red perspex can be pushed 
into the display cutout to give a good 
finish. A couple of dabs of epoxy adhe- 
sive on the edges will hold it in place. 

The red perspex diffuses the light 
and makes the digits look uniform in 
brightness. 


Auto baud rate detection 

As stated previously, the firmware in 
the WIB Time Display Module uses 
automatic baud rate detection. This 
means that the module will work with 
most serial port baud rates between 
600 and 115,200 bps. 

Make sure, however, that the time 
data is being sent out by the WIB. This 
is done by enabling it in the SNTP 
window of the default website sup- 
plied with the WIB (and downloadable 
from the EPE website). 

Basically, you have to enter in the 
settings for a valid NTP server as de- 
scribed on pages 32-33 of the January 
2012 issue. You then have to turn on 
the Time Module by clicking the ‘1’ 
button (circled on Fig.5). 


Timeout display 

In normal operation, the WIB sends 
out data packets containing the cur- 
rent time and date to the Time Display 
Module via the serial port. However, 
if the Time Display Module does not 
receive a packet during the timeout 
period (about 3s), it will change its 
display to four dashes and a periodi- 
cally blinking decimal point. 

This means that the time module 
does not have valid time and date 
data to display. This can occur when 
the Time Module function is disabled 
in the WIB. 
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A timeout can also occur if the 
UART baud rate in the WIB is sud- 
denly changed (ie, on the home page 
of the supplied website). In this case, 
the Time Display Module will initially 
show the timeout display described 
above. However, it will then auto- 
matically adjust to the new baud rate 
within a matter of seconds, and again 
begin displaying the correct time. 


Display modes 

Before applying power to the unit, 
check the board carefully for incorrect 
parts placement and missed solder 
joints. Once you are satisfied that all is 
OK, apply power to the WIB and check 
the display. The unit should initially 
show the timeout display (four dashes) 
but should then begin displaying the 
correct time once the WIB has booted 
up and accessed an Internet time server. 

The default display is 24-hour time 
(hours and minutes), but this can be 
altered, as explained below. 

As stated previously, switch S1 is 
used to change the display readings 
and the mode of operation. The circuit 
responds to two types of button presses 
—a short press of less than 1s, and a 
long press of greater than 1s. 

A short press always takes you to the 
next display reading, ie, from hours 
and minutes to minutes and seconds 
and then to the day and month, and 
then to the year and so on. 

Let’s take a closer look at the differ- 
ent display reading and modes: 

Mode 1: time in either 24-hour or 12- 
hour mode, consisting of the hour and 
minutes, with a decimal point between 
them blinking at 2Hz. 

Mode 2: time in minutes and seconds 


format, with a decimal point blinking 
at 1Hz. 


01202 880299 


or email 
stewart.kearn@wimborne.co.uk 
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Fig.7: this diagram shows the different 
display modes that can be accessed by 
pressing switch S1 — see text. Note that 
the time can be shown in either 24-hour 
or 12-hour format. The date can also be 
shown, as can the firmware version, and 
the display can be turned off. 
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Mode 3: the date in either day.month 
or month.day format, together with a 
periodically blinking display showing 
the word day. 

Mode 4: the year as a 4-digit number, 
together with a periodically blinking 
display showing the word year. 
Mode 5: the time and date shown as a 
continuously scrolling string. 

Mode 6: the time, including the hour, 
minutes and seconds, shown as a 
continuously scrolling string. 

Mode 7: the firmware version shown as 
an ‘F’ followed by the 3-digit version 
number (useful for debugging). 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2012. 
www.siliconchip.com.au 


Mode 8: Off (the display is not driven). 


Long button presses 

A long button press gives a different dis- 
play mode, depending on the display 
mode that you are already in. These 
are as follows: 


(1) In Mode 1, it toggles the 24-hour 
mode on and off. 

(2) In Mode 2, it takes you back to Mode 1. 
(3) In Mode 3, it toggles whether the 


date is shown as day.month (eg, for UK) 
or month.day (eg, for the US). 


In Modes 4 to 8, long button presses 
are ignored. EPE 
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While we usually have alarms for our home and cars, a lot 
of valuable stuff is unprotected in garages and sheds. It also 
needs protecting, and now you can do it with this simple alarm 
based on a PIR sensor. It’s solar-powered, so no mains supply 
is needed. And let’s not forget boats on moorings — they need 
security too. 
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By JOHN CLARKE 


Three inputs 


Voltage input for PIR 


Instant or delayed option for 
each input 


Exit delay 

Entry delay 

Low quiescent current 
LED indicators 

Battery powered 

Solar cell battery charging 
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SPecitications 


Supply voltage 12V DC 
Supply current 


3mA during exit delay; 500uA with PIR connected 


while armed; 2.5mA plus 10mA for siren during alarm 


Exit delay 22 seconds 
Entry delay 
Alarm period 


Armed flash rate 


approximately 5s to 30s adjustable 
approximately 25s to 147s (2.5 minutes) adjustable 
approximately once per second 


Armed flash period approximately 22ms 


Wiens YOU live in the city or 
country, you may have a shed 
with lots of valuables inside — tools, 
machinery, electronic equipment, 
sports stuff, maybe a boat — you get 
the picture. And we’ll bet that it has 
no protection apart from a lock on the 
door. Maybe you have thought about the 
problem, but it was too hard and there 
is no mains power out there and so on. 

Now you can greatly improve se- 
curity for all that valuable gear with 
our Solar-Powered Intruder Alarm. As 
well as using a PIR sensor, it has two 
other inputs, so you can wire it up to 
suit your situation. 

Now we know there are plenty of 
burglar alarms available, but most are 
too costly and complex to suit a shed — 
ora boat for that matter. You don’t need 
complications like multiple sectors or 
back to base security — just a simple 
set-up with a loud siren. 


Solar power 

As a bonus, the simplicity of a basic 
alarm means a lower power require- 
ment, so it becomes practical to 
power the system from a battery that 
is charged from solar cells. 

We have specified a PIR (passive 
infrared) sensor intended for use with 
battery equipment where low current 
drain is a major consideration. It op- 
erates from a 5.5V to 16V DC supply, 
and its current drain is quoted at less 
than 100uA at 6V. 

We measured current drain on our 
sample unit to be 70uA at 6V and 73uA 
at 12V. When movement is detected, 
the current rises to 1.3mA to light its 
indicator LED. 

In its simplest form, the Solar- 
Powered Alarm can be used with 
just the PIR detector. For a shed, it is 
best installed inside, so that it is only 
triggered when somebody enters. For 
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extra protection, reed switches can be 
added to monitor windows. 

If you want to build this alarm for 
a boat, the PIR sensor is probably not 
practical, because sun glinting off the 
water could cause nuisance triggering. 
In this case, you would be better to 
rely on reed switches ora strategically 
placed pressure mat. 


Sensor triggering 

Sensor triggering can be instant or 
delayed. Delayed triggering allows you 
to enter the shed and switch off the 
alarm before it sounds. This would be 
applied to the PIR sensor if it monitors 
the entry point. Other sensors can be 
set for instant triggering. 

All told, there are three inputs on 
the alarm, each selectable for instant 
or delayed operation. However, that 
does not restrict the number of sen- 
sors to three. Most reed switch and 
doormat sensors can be connected in 
parallel, so that any sensor that closes 
will trigger the alarm. 


Circuit details 

The complete circuit of the Solar-Pow- 
ered Intruder Alarm is shown in Fig.1. 
It looks a little complicated, but there 
is not a lot in it. It employs four low- 
cost ICs and associated components. 
The three inputs are labelled Input 1, 
Input 2 and Input 3. Input 1 is provided 
specifically for the PIR detector. 

The output of the PIR sensor is nor- 
mally OV, but when it detects move- 
ment, it goes high to +4.5V. Its output 
impedance is about 700kQ, so Input 
1 employs MOSFET Q1 to provide a 
very high input impedance. Hence, 
when the PIR signal goes to +4.5V, it 
switches on the MOSFET and its drain 
(D) goes low, to OV. 

Q1 controls pins 12 and 13 of IC1d, 
a dual-input exclusive OR (XOR) gate. 
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Both inputs are high at +11.4V when 
Q1 is off. When Q1 switches low, it 
discharges the 100nF capacitor at pin 
13 viaa 100Q current-limiting resistor. 
With pin 13 low, the 1pF capacitor at 
pin 12 then discharges via the series 
1MQ resistor over a period of about 
one second. 

IC1d’s output at pin 11 is high only 
when the inputs differ from each other. 
So, when pin 13 is initially pulled low 
by Q1, pin 12 will remain high for a 
short period while the 1pF capacitor 
discharges. Therefore, pin 11 is high 
during the period that the 1F capaci- 
tor at pin 12 is discharging. 

When Q1 switches off, the 100nF 
capacitor at pin 13 quickly recharges 
via the 100kQ resistor to the 11.4V 
supply. The 1pF capacitor at pin 12 
is delayed from charging due to its 
1MQ charging resistor. So again, IC1d’s 
output is set high for about a second. 

As aresult, IC1d’s output produces 
a high-going pulse whenever Q1 is 
switched on or off by the PIR sensor. 

Input 2 and Input 3 operate in a 
similar way to Input 1, except that no 
MOSFET is used and the 100nF ca- 
pacitor is discharged via the normally 
open (NO) sensor contacts between in- 
put and ground (OV). The 1009 series 
resistor reduces peak current through 
the contacts to less than 120mA. 

We recommend using NO sensor 
switches because if normally closed 
(NC) switches are used, the 100kQ 
resistor connecting to the 11.4V sup- 
ply would add an additional 114uA to 
the overall current drain of the circuit. 


Triggering 

The three XOR gate outputs (ie, IC1a, 
1C1b and IC1d) are coupled via diodes 
to links that give the option of ‘instant’ 
and ‘delayed’ triggering. 

The instant option connects to pin 9 
of IC1c, which is normally held low by 
a 2.2kQ resistor. A high signal from the 
output of IC1a, IC1b or IC1d will pull 
pin 9 high, and output pin 10 of ICic 
will go high whenever the pin 8 input 
is low (which is most of the time). 

Hence, each time one of the XOR 
gate outputs goes high, pin 10 will 
produce a brief positive pulse of the 
same duration. This pulse is coupled 
via a 100nF capacitor to the trigger 
input (pin 2) of IC2, a CMOS 7555 
wired as a monostable. This is the 
Alarm Period timer. It determines how 


Parts List = Selar-Powered Intruder Alarm 


1 PC board, code 837, available 
from the EPE PCB Service, 
size 59mm x 123mm 

1 UBS plastic utility box, size 
130mm x 68mm x 44mm 

1 low-current PIR detector (IR- 
TEC IR-530LC) (Altronics SX- 
5306) — do not substitute 

1 12V 1.3Ah or larger SLA battery 
(Altronics S-5075B, Jaycar 
SB-2480) 

1 12V solar cell trickle charger 
with integral diode (Altronics 
N-0700, Jaycar MB-3501) 

1 12V siren (Altronics S-6125, 
Jaycar LA-5258 or equivalent) 

1 SPDT toggle switch (S1) Or 

1 SPDT key-operated switch — 
see text 

3 IP68 cable glands PG67 type 

3 3-way PC-mount screw terminals 
with 5mm or 5.08mm spacings 

2 2-way PC mount screw 
terminals with 5mm or 
5.08mm spacings 

1 9-way pin header broken into 
three 3-way headers with 
2.54mm pin spacing (Link 1 to 
Link 3) 

3 PC stakes 

3 jumper plugs for above headers 

4 4.8mm female spade connectors 

2 4.8mm male spade connectors 

1 60mm length of 2mm 
heatshrink tubing 

1 150mm length of 0.71mm tinned 
copper wire or 5 x 0Q resistors 

1 length of 4-core alarm cable 
(length is installation dependent) 

2 500kQ horizontal-mount trimpots 
(VR1,VR2) 

1 in-line 3AG fuseholder 

1 3AG 1A fuse 


long the siren sounds after the alarm 
has been triggered. 

Normally, pin 2 of IC2 is pulled 
high via the associated 100kQ resistor, 
and since IC1c’s output is normally 
low, the 100nF capacitor will be fully 
charged. Then, when pin 10 of IC1ic 
goes high momentarily, it attempts 
to force pin 2 of IC2 above the posi- 
tive supply, because of the positive 
charge on the 100nF capacitor. How- 
ever, diode D4 prevents this from 
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Semiconductors 

1 CD4030 quad XOR gate (IC1) 

2 ICL7555, LMC555CN CMOS 
555 timer (IC2,1C3) 

1 CD4093 quad 2-input NAND 
gates (IC4) 

1 2N7000 N-channel MOSFET (Q1) 

1 IRF540 N-channel MOSFET (Q2) 

6 1N4148 switching diodes 
(D1 to D6) 

2 1N4004 1A diodes (D7,D8) 

2 3mm red high-efficiency LEDs 
(LED1,LED3) 

1 3mm green high-efficiency LED 
(LED2) 


Capacitors 

1 220uF 16V PC electrolytic 
2 100uF 16V PC electrolytic 
1 47uF 16V PC electrolytic 
1 22uF 16V PC electrolytic 
1 4.7uF 16V PC electrolytic 
3 1uF 16V PC electrolytic 

1 1uF monolithic ceramic 

6 100nF MKT polyester 

2 10nF MKT polyester 


Resistors (0.25W, 1%) 

1 10MQ 1 4.7kQ 
5 1MQ 3 2.2kQ 
1 470kQ 1 1kQ 
6 100kQ 3 100Q 
1 22kQ 1102 
2 10kQ 


Optional Additional Parts 

SPDT reed switches and magnets 
(Altronics S-5153, Jaycar LA-5070 
or equivalent) 

Pressure mat (Altronics S-5184 or 
equivalent) 
(www.altronics.com.au) 
(www.jaycarelectronics.co.uk) 


happening, and any excess voltage 
from the capacitor is safely limited. 

After the short positive pulse from 
IC1c, pin 2 of IC2 will then be briefly 
pulled low via the 100nF capacitor, 
and this sets monostable IC2 running 
for its predetermined alarm period. 
Output pin 3 will go high and this 
will turn on MOSFET Q2, which then 
drives the external siren connected to 
CON2. LED3 is also lit, indicating an 
alarm condition. 
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Fig.2: follow this layout diagram to install the parts on the PC board. Take care with the orientation of the polarised 
components and position Link 1 to Link 3 to select either instant or delayed triggering for each input. 


At the same time, the 220uF capaci- 
tor at pin 6 begins to charge via the 
100kQ resistor and 500kQ trimpot 
VR1. When it reaches 2/3 of the supply 
voltage, the timer is switched off, with 
pin 3 going low. At the same time, pin 
7 discharges the 220uF capacitor via 
the 10kQ resistor. 

Note that the resistors from pin 7 
are connected to the pin 3 output of 
IC2, rather than the 11.4V supply. 
This arrangement is used to minimise 
current drain. 


Exit and entry delay 

An exit delay is needed, so that when 
you power up the alarm, you have 
time to get out of your shed (or boat) 
without triggering the siren. Switch 
S1 powers up the alarm circuit. When 
power is applied, the 22wF capacitor 
at pin 1 and pin 2 of IC4a is initially 
discharged and this sets the output of 


this Schmitt NAND gate low, to hold 
the reset for both the IC2 and IC3 tim- 
ers low. This prevents IC2 and IC3 from 
being triggered. 

The 22uF capacitor then charges 
via the 470kQ resistor and after about 
45 seconds or so, the voltage reaches 
the lower threshold for IC4a’s input 
and its pin 3 output goes high. Thus, 
pin 4 on both IC2 and IC3 goes high, 
and both of these timers can now be 
triggered, ie, the alarm circuit is fully 
operational. 

IC3 is another 7555 wired as amono- 
stable timer; it is used for the entry 
delay. It is triggered if one of the links 
(Link1 to Link3) is set for delayed trig- 
gering. The trigger pulse for pin 2 of 
IC3 is coupled via a 1uF capacitor. One 
side of the 1wF capacitor is normally 
held low viaa 2.2kQ resistor to ground, 
while the pin 2 side is held high via a 
1MQ resistor. 


Again, the triggering process is simi- 
lar to that for IC2. When a high signal 
is applied from one of the diodes, D1, 
D2 or D3, the 1uF capacitor discharges 
via the now forward-biased diode D5. 
When the delayed signal side of the 
capacitor goes low, the pin 2 input to 
IC2 is pulled low to trigger the timer. 

The pin 3 output of IC3 will then go 
high for the entry delay period, which 
is set by trimpot VR2. This holds the 
pin 8 input of IC1c high, which pre- 
vents IC2 from being triggered. 

The entry delay can be set anywhere 
between five seconds and 30 seconds. 

Let’s clarify a point here. When we 
talk about ‘entry delay’, we are refer- 
ring to the delay which is available 
when any of the three input sensors 
closes, provided that ‘Delayed Trig- 
gering’ has been selected by the link 
options provided by Link 1, 2 or 3 (or 
any combination of the three). 
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4-Band Code (1%) 

brown black blue brown 
brown black green brown 
yellow violet yellow brown 
brown black yellow brown 
red red orange brown 
brown black orange brown 
yellow violet red brown 
red red red brown 

brown black red brown 
brown black brown brown 
brown black black brown 


= 
co 


5-Band Code (1%) 

brown black black green brown 
brown black black yellow brown 
yellow violet black orange brown 
brown black black orange brown 
red red black red brown 

brown black black red brown 
yellow violet black brown brown 
red red black brown brown 
brown black black brown brown 
brown black black black brown 
brown black black gold brown 
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This is the view inside the completed prototype. Note that you will have to make the wiring connections to the 
screw terminal blocks before sliding the PC board into the case and installing the cable clamps. 


LED indicators 

During the exit delay period, pin 5 of 
Schmitt NAND gate IC4b is held low 
and its pin 4 output remains high. IC4c 
inverts this high, and so its output 
at pin 10 is low. Pin 3 of IC3 is low 
(since IC3 is currently disabled) and 
so pin 11 of inverter IC4d is high. The 
combination of pin 11 being high and 
pin 10 being low means that LED1 
is lit continuously for a period of 45 
seconds, which is the Exit Delay. 

After the Exit Delay period, the pin 
3 output of IC4a allows normal op- 
eration for timers IC2 and IC3. It also 
allows the oscillator based on IC4b to 
operate by pulling pin 5 high. This 
now flashes LED1 at about once every 
two seconds. 

The duty cycle of the oscillator is 
only about 2%, so while the flashing 
of LED1 is highly visible, the overall 
LED current drain is very low. 

During the entry delay period, IC4d’s 
output at pin 11 is low, so LED1 is off 


and green LED2 is on, but not con- 
tinuously. This is because the oscillator 
based on IC4b is still running and LED2 
turns off very briefly every two seconds. 

At the end of the Entry Delay period, 
IC3’s output (pin 3) goes low again and 
pin 11 of IC4d goes high. This causes 
LED1 to flash again and the alarm will 
sound, since IC2 has been enabled. 
This lights LED3 and sounds the siren 
connected to MOSFET Q2. 

Of course, if the Entry Delay was 
triggered by you, entering in a legiti- 
mate way, you will have had time to 
turn off the alarm and the neighbour- 
hood will not be disturbed. 


Construction 

The Solar-Powered Intruder Alarm 
is constructed on a PC board, coded 
837, measuring 59mm x 123mm. This 
board is available from the EPE PCB 
Service. The PC board is designed to 
clip into the integral mounting clips 
inside a UB3-size plastic case. 
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Fig.2 shows the assembly details. 
Begin construction by checking the PC 
board for breaks in the tracks or shorts 
between tracks and pads. Repair these 
if necessary. 

Check that the hole sizes are correct 
for each component. The screw ter- 
minal holes are 1.25mm in diameter, 
compared to the 0.9mm holes for the 
ICs, resistors and diodes. 

Assembly can begin by inserting 
the links, diodes and resistors. We 
used 0Q resistors in place of wire 
links, although tinned copper wire 
links could be used instead. When 
inserting the resistors, use the resistor 
colour code table to help in reading 
the resistor values. If available, a 
digital multimeter should be used to 
check each value. 

The diodes can be installed next, 
and these must be mounted with 
the orientation shown. The four ICs 
can then be mounted directly on the 
PC board or using sockets. DIP14 IC 
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Constructional Project 


(BOX END) 


(BOX LID) 


HOLES A: 
3.0mm DIA. 
HOLE B: 
6.5mm DIA 


ALL 
DIMENSIONS 
ARE IN 
MILUMETRES 


(BOX END) | 


Fig.3: this diagram shows the drilling details for the lid and the two ends of the case. The larger holes (ie, 
>3mm) are best made by first using a small pilot drill and then carefully enlarging them to the correct size 


using a tapered reamer. 


sockets are required for both IC1 and 
1C4 and DIP8 sockets for IC2 and IC3. 
Ensure that each IC is placed in 
its correct position and is oriented 
correctly, with its notch or pin 1 in- 
dicating dot oriented as shown. The 
two trimpots can now be mounted, 
followed by MOSFETs Q1 and Q2, 
taking care with their orientation. The 
multi-way screw terminals can then 
go in, noting that the 7-way terminals 
are made using one 3-way and two 
2-way sections. The 6-way terminals 
are made using two 3-way sections. 
The three LEDs are mounted with 
the top of each LED 28mm above the 
PC board. Take care with orientation. 
The anode has the longer lead. 
Follow with the capacitors, ensuring 
that the electrolytic types are oriented 
correctly. Finally, insert and mount 
the three 3-way pin headers and the 
three PC stakes. 
As mentioned, the PC board is de- 
signed to snap into the integral side 
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clips within the box. The box requires 
holes to be drilled in each end for the 
cable glands. Note that there are also 
6mm slots cut from the top edge of the 
box to the cable gland holes — see Fig.3. 
These are there to make assembly pos- 
sible, but more on this later. Holes are 
also required in the lid for the LEDs 
and power switch. Fig.3 shows the 
dimensions for these. 


Wiring 

The wiring for the switch and siren is 
shown in Fig.2. The switch wiring is 
soldered to PC stakes on the board and 
the connections covered with a 10mm 
length of heatshrink tubing to prevent 
them from breaking. The external siren 
is connected to the screw terminals. 


Testing 

To test the unit, connect a 12V supply 
to the ‘+’ and ‘—’ terminals on the PC 
board, apply power and check that 
LED1 lights. If LED2 lights instead of 


LED1, then the orientation of LED2 is 
reversed. If neither LED lights, check 
LED1’s orientation. 

The length of time LED1 stays fully 
lit is the Exit Delay period. This delay 
is not critical, but it does need to be 
sufficient to allow an easy exit from 
the shed after switching on the alarm 
without setting it off. You can change 
the exit period by changing the capaci- 
tor value at pins 1 and 2 of IC4a. 

A smaller value will reduce the 
period, while a larger value will give 
a longer period. 

Select each input for either instant 
or delayed triggering using the jumper 
pin option for each input. Note that an 
input will be disabled if there is no 
jumper connection. 

When red LED1 begins to flash, the 
alarm is ready to be triggered. Connect 
a wire between the two contacts for 
input 2. For an instant alarm selec- 
tion, red LED3 should immediately 
light. For a delayed selection, green 
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Fig.4: the PIR detector and reed switch sensors are connected to the PC board as shown here. Not shown are the 
connections to the siren and the on/off switch. Be sure to use a 1A fuse in series with the battery supply. 


LED2 should light. When LED2 extin- 
guishes, LED3 should light. 

If the siren is connected, it will also 
sound, but due to its loudness, you 
may wish to disconnect this during 
testing. Alternatively, you could con- 
nect a piezo sounder instead. 

The Alarm Period can be set with 
trimpot VR1. Clockwise rotation in- 
creases the period, while anticlockwise 
rotation reduces the period. The Alarm 
Period only needs to be long enough 
to attract your attention to the fact that 
there may be an intruder. An extra long 
alarm period is not necessary. 

The Entry Delay period is set using 
trimpot VR2. This period should be 
as short as possible, but still provide 
sufficient time for you to gain entry to 
the shed to switch off the alarm. Final 
adjustment will be best done after the 
alarm system is installed in the shed 
(or boat). 


Installation 

Wiring for the Solar-Powered Alarm 
is influenced by the installation. It de- 
pends on the number of sensors used 
and the distance between the sensors. 
Wire lengths are also dependent on the 
location of the battery and the solar cell 
in relation to the alarm unit. 

The solar panel should be mounted 
on the roof of the shed, and in the UK 
should be set facing south. (Southern 
hemisphere installations will have 
the solar cell unit facing north). UK 
inclination should be roughly 30° up 
from horizontal. Precise inclination 
is not critical. Provided it’s in the 


A PIR detector and some SPDT reed switches make ideal sensors for the Solar- 
Powered Alarm. Fig.4 shows how they are connected. 


ballpark, the solar cell output will be 
more than adequate to keep the SLA 
battery charged, unless the alarm is 
repetitively activated each day. 
Decide on the type of sensor you will 
use with the alarm. Typically, a reed 
switch and magnet are used to moni- 
tor a door or window. The magnet is 
installed on the moving part and the 
reed switch mounted on the fixed part. 
The normally open (NO) contacts of 
SPDT reed switches should be used, 
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to provide a lower current drain from 
the battery. These contacts are open 
when the magnet is close to the reed 
switch, but close as the magnet moves 
away from the reed switch. 

The NO contacts can be connected 
in parallel so that more than one win- 
dow or door can be monitored on one 
input. However, the door entry reed 
switch should be connected to a dif- 
ferent input than the window sensors, 
so that the window inputs can be set 
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INNER NUT OF 
ye CABLE GLAND 


INNER NUT OF CABLE GLAND 


NOW THREADED ON 
= OF GLAND FERRULE 


CABLE GLAND 


l 
GLAND'S ae l - 
CABLE CLAMP 
NUT (LOOSEN) l 
CABLE GLAND > 


TERMINAL 


we BLOCK 


46mm WIDE SLOT 
CIRCULAR HOLE 
FOR GLAND OUTER CABLE CLAMP 
NUT OF GLAND 
END OF BOX (TIGHTEN LAST) 


SEPARATE INNER NUT FROM BODY OF CABLE GLAND, 
SLIDE CABLE DOWN THROUGH SLOT AND THEN 
PUSH GLAND BODY IN THROUGH CIRCULAR HOLE 


THREAD INNER NUT ON CABLE GLAND 
FERRULE AND TIGHTEN TO SECURE IN 


@ POSITION. THEN TIGHTEN OUTER CLAMP NUT. 


Fig.5: the cable glands are slid into the case slots and secured after the leads have been secured to the screw-terminal blocks, 
as shown here. Note that the outer cable clamp nut is tightened last. 


Below left is the completed prototype. You can 
either use_a toggle switch for power on/off, or a 
remotely mounted key switch (see text). 


Rellare Pawar ed 


to an instant alarm. The door entry is 
normally set for a delayed alarm to 
allow entry into the shed to switch 
the unit off. 

The PIR sensor should be mount- 
ed so that it covers as much of the 
shed as possible. You can test cov- 
erage by connecting a 12V supply 
to the PIR detector, temporarily 
mounting it in position and watch- 

ing the detector LED light as you 
move around the shed. 

Note that while we used a tog- 
gle switch on the Solar-Powered 


Alarm to switch it on and off, an SPDT 
keyswitch could be used instead. This 
keyswitch could then be mounted 
outside near the door of the shed, so 
that the alarm can be switched on and 
off from outside the shed. 

Using a keyswitch allows the entry 
delay to be set to a very short period or 
set to instant. Note, however, that the 
Exit Delay needs to be at least a sec- 
ond to ensure that the Solar-Powered 
Alarm is reset properly at power up. 
The Exit Delay capacitor should there- 
fore be at least 2.2uF. 


Everyday Practical Electronics, March 2012 


At right is another view 
inside the completed 
prototype. We used 02 
resistors for the links, but 
you Can use tinned copper 
wire instead. 


The external siren should be mount- 
ed high in an inaccessible position, 
and the wiring to it hidden so that is 
cannot be cut. 


External wiring 

The wiring for the battery, solar cell 
and trigger inputs is shown in Fig.4. 
This wiring can be done with the PC 
board out of its box and with just 
the wiring passing through the cable 
glands. The glands are not secured into 
the box until later. 

Wiring for the PIR uses 4-core cable, 
which is passed through its own cable 
gland. One of the wires is not used and 
is cut short. Another cable gland is for 
the Input 2 and Input 3 cabling, and 
this also uses 4-core cable. 

Four-core cable is also used for the 
battery and solar cell. Use an in-line 


The Altronics N-0700 12V solar cell trickle 
charger includes an integral diode and is used 
to keep the 12V SLA battery topped up. At right 
is the full-size front-panel artwork 


fuse holder for the positive battery con- 
nection. The battery wires are secured 
to 4.8mm female spade connectors 
using a crimp tool. These connectors 
plug into the spade battery terminals. 

The solar-cell charger is supplied 
with a lighter plug on the end of its 
lead. This can be cut off and 4.8mm 
female spade connectors attached 
instead. These can then go to male 
spade connectors that are attached to 
the solar cell leads from the alarm unit. 

When assembling the Solar-Pow- 
ered Intruder Alarm into its box, first 
clip the PC board into the box and 
place each cable gland securing nut 
inside the box and the gland on the 
outside of the box. Pass the cable wires 
through the slots, as shown in Fig.5. 
Tighten the gland to the box against its 
nut and then clamp the cable in place 
with the cable clamp. EPE 
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N THE face of it, dealing 
CO: components that have 

only two leads is very 
straightforward, it is just a matter of 
fitting components of the right values 
in the right places on the circuit board. 
With many twin lead components 
it is indeed as simple as that, and 
there should be no problems when 
dealing with resistors, inductors and 
most capacitors. However, there is a 
slight complication with some twin 
lead components in that they are 
polarised and must be fitted to the 
circuit board the right way round. 

In most instances, where a 
polarised component is fitted the 
wrong way round there will not 
be any dire consequences, but it is 
unlikely that the project will actually 
work until the error is corrected. 
Unfortunately, in a few cases it is 
likely that getting the polarity of 
one or more components wrong will 
have serious consequences. An error 
of this type can result in burned- 
out semiconductors and exploding 
electrolytic capacitors! 

The ‘suck it and see’ approach is 
not usually acceptable when dealing 
with polarised components. It could 
result in a lot of ruined components 
and could even be dangerous. 
Consequently, due care must be 
exercised when fitting any polarised 
component. 


One way system 

Most semiconductors have three or 
more leads or pins, but there are a 
few types that have just two. By far 
the most common of these are the 
various kinds of diode and rectifier. 

These two types of component 
provide exactly the same function, 
which is to act like an electronic 
valve. In other words, an electric 
current can flow through the 
component in one direction, but any 
significant current flow is blocked 
in the opposite direction. Diodes 
are used in low-power applications, 
whereas rectifiers are designed to 
handle high currents. 

Connecting a diode with the wrong 
polarity allows a current flow in the 
wrong direction, while blocking any 
flow of current in the right direction. 
Due to the low-powers involved, this 
will not normally cause any damage, 
but in a few applications it could 
result in instant destruction of the 
diode. 

The situation is very different with 
rectifiers, where the high currents 
involved more or less guarantee that 
a polarity error will result in damage 
to some of the components. Clearly it 
is necessary to take extra care when 
dealing with rectifiers. 

As one would probably expect, 
diodes are physically quite small, 
but rectifiers are generally much 


larger, although the lower power 
types are not actually that much 
larger than a typical diode. Rectifiers 
have been produced in a wide range 
of shapes and sizes, but most of the 
more elaborate case styles are now 
obsolete. 

In fact, the majority of rectifiers 
now look like outsize diodes, which 
is what they actually are. In most 
cases, there is no difficulty in getting 
diodes and rectifiers fitted with the 
correct polarity, but a few types are, 
to say the least, a bit confusing. 


Symbolism 

Most diodes are quite easy to deal 
with, and they are normally in the 
form of small components that look 
a bit like resistors. They mostly have 
plastic or glass encapsulations with 
a band of contrasting colour marked 
around one end of the case. The 
two terminals of a diode are called 
the ‘anode’ and ‘cathode’, and these 
have the abbreviated forms of ‘a’ and 
‘k’ respectively. 

The circuit diagrams in Everyday 
Practical Electronics include the ‘a’ 
and ‘k’ markings, but they will not 
necessarily be included in circuit 
diagrams found elsewhere. A ‘+’ sign 
is often used in place of the cathode 
marking, possibly accompanied by a 
‘—’ sign instead of the anode marking. 

None of these markings are actually 
required though, since the polarity is 
indicated by the basic diode symbol 
itself. However, they could be useful 
to those having limited experience 
with circuit diagrams. 

In terms of conventional current 
flow, the arrowhead part of the 
diode symbol indicates the direction 
in which a current is allowed to 
flow. The bar across the end of the 
arrowhead is at the cathode (k) end 
of the symbol, and this corresponds 
with the coloured band around the 
body of a diode, which is also at the 
cathode end of the component. 

A single band marked around 
the body of a diode is by far the 
most common method of polarity 
indication, but there are two other 
types that you may well encounter. 
Fig.1 shows the circuit symbol for 
a diode, together with physical 
representations for the common 
types of rectifier and diode. In 
general, the bodies of diodes are 
rounded at the ends, whereas those 
of rectifiers are flat, and in the case 
of high current rectifiers they are 
also physically much larger. 


Colour coding 

One method of marking is 
potentially a little confusing, as it 
uses additional bands around the 
body of the component. There are 
three or four bands with this system, 
and they indicate the type number 
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Fig.1. The diode circuit symbol (left) together with various methods of identifying the 
anode and cathode leads of real-world rectifiers and diodes. All these methods are 
loosely based on the circuit symbol 


of the component using a system of 
colour coding that is based on the 
one used for resistors. 

As far as I am aware, this system 
is only used for diodes that have 
American type numbers with a ‘1N’ 
prefix. No multipliers are used with 
this system, which works on the 
straightforward basis of one band 
per digit of the serial number. 

There is an obvious flaw with this 
method, in that it no longer has a single 
band to indicate the cathode end of 
the component. The way around this 
is to have the band that indicates 
the cathode end of the component 
substantially wider than the other two 
or three bands — see Fig.1. 

Also, this band is usually very 
close to its end of the component 
and the cathode lead. Unfortunately, 
these pointers are often quite 
difficult to spot and it is often 
necessary to carefully study one 
of these components in order to 
determine its polarity. 


Some rectifiers use a_ totally 
different method of polarity 
indication, and this is to have 


the body of the component much 
narrower next to the cathode lead. 
This corresponds to the thinning of 
the diode circuit symbol towards the 
cathode end (see Fig.1). It is possible 


that this method is also used for 
diodes, but I have only encountered 
it with rectifiers. Many rectifiers, 
and particularly the smaller types, 
use the single coloured band method 
of polarity indication. 


Seeing the light 

I can state, with a fair amount 
of confidence, that it is the light 
emitting diode (LED) that causes 
the most problems when it comes 
to getting the polarity of diodes 
correct. It is important to realise that 
a light emitting diode is a true diode, 
and unlike a filament bulb, it will 
not light up unless it is fed with a 
voltage of the correct polarity. 

The early light emitting diodes 
mostly had the polarity indicated 
using two methods, one of which 
was to have the cathode (k) lead 
shorter than the anode one. The 
second method was to have the 
round casing/body flattened slightly 
near the cathode lead. 

Many modern light emitting diodes 
use one or both of these methods, 
but some seem to lack any obvious 
method of polarity indication. Matters 
are confused by the fact that modern 
light emitting diodes come in a huge 
range of shapes and sizes. In some 
cases, the old methods of polarity 
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indication are simply inappropriate. 
In other cases, there is no obvious 
reason for one of the traditional 
methods of polarity marking not 
being included. 

Ideally, there would be a ‘sure- 
fire’ method of determining the 
polarity of a light emitting diodes 
without resorting to some form of 
electronic testing. Various ways 
have been suggested over the years, 
but there always seems to be some 
light emitting diodes that ‘buck the 
trend’, or where the unusual physical 
construction of some components 
render these methods unusable. 

With more exotic LEDs it might be 
necessary to consult the supplier’s 
catalogue or the manufacturer’s data 
sheet, but careful scrutiny of the 
construction diagrams for the project 
should really tell you all you need 
to know. Looking on the bright side, 
it is very unlikely that one of these 
components will be damaged if you 
should happen to get it connected 
the wrong way around. If you do 
make a mistake, everything should 
be fine once the error has been 
corrected. 

Of course, in some cases it could 
be difficult to correct things if you do 
not get it right first time. You certainly 
need to know the correct method of 
connection before dealing with banks 
of LEDs or multi-pin components 
that contain several LEDs. 

Due to the inconsistent nature of 
these components, it is advisable to 
check the polarity of LEDs before 
connecting them into circuit. Any 
multi-range test meter should have 
a facility for checking the polarity 
of diodes. However, LEDs have 
relatively high forward threshold 
voltages, and this prevents them from 
being checked using some meters. 

It makes sense to use a test meter 
to check LEDs if you have a suitable 
instrument available. If not, a simple 
test circuit can be improvised, 
and the arrangement of Fig.2 will 
suffice. The circuit is so simple that 
it can easily be constructed on a 
breadboard, or it can even be wired 
together using crocodile clip leads. 


Fig.2. The LED will light up when connected as in (a), but not when it is connected 
with the polarity shown in (b). The circuit will work with any battery voltage from 3V 


to 12V 


The rest 

Zener diodes were once popular for use 
where a simple voltage regulator circuit 
was needed, but they are less common 
in modern electronics. Anyway, they 
are straightforward to deal with as they 
normally use the single band method 
of polarity indication. 

Variable capacitance (‘varicap’) 
diodes are something of a rarity, but 
they are sometimes used in radio 
equipment where they provide 
an amount of capacitance that is 
governed by a control voltage. Some 
of these components look just like 
ordinary diodes, while others have 
non-standard encapsulations. With 
the more unusual types it is necessary 
to refer to construction diagrams or 
data sheets for guidance. 

Rectifiers are often used in a bridge 
circuit, which is basically just a ring 
of four of these components. An AC 
input signal is applied to two of the 
leads, and a raw DC output signal 
is taken from the other two leads. A 
bridge rectifier can be made from 
four individual rectifier diodes, but 


they can also be obtained as single 
components, containing four rectifiers 
already connected in the appropriate 
manner. Thus, these components have 
four rather than eight leads. 

They come in a variety of shapes 
and sizes, but regardless of the case 
style they normally have markings 
that make the correct method of 
connection very obvious. In some 
instances, there is a circuit diagram 
moulded into the case, but the more 
usual method is to have the AC input 
leads marked with ‘~’ signs, and the 
DC output leads marked with ‘+’ and 
‘’ signs (Fig.3). 

There is another type of semi- 
conductor that has just two leads, and 
this is the diac. Although these are 
sometimes included with diodes in 
component catalogues, they are not 
actually a type of diode at all. They 
are used as trigger devices in power 
control applications, and they can be 
connected with either polarity. 

Perhaps a_ little confusingly, 
some of these components have 


an encapsulation of the type that 


tapers at one end, which can give 
the impression that they are actually 
polarised. This is not the case though, 
and they can definitely be fitted either 
way around. 


Polarised capacitors 
Resistors and inductors have two 
leads, but they can be connected with 
either polarity, as can most types 
of capacitor. However, electrolytic 
capacitors and certain other high 
value types such as the tantalum 
variety are polarised, and must be 
connected with the correct polarity. 
High value capacitors are often 
connected straight across the supply 
lines of a circuit, and it is likely that 
a high current will flow through one 
of these components if it is connected 
the wrong way around. This usually 
results in rapid overheating and 
ultimately the component will almost 
certainly burst. When fitting high 
value capacitors it is clearly most 
important to get it right first time. 
Electrolytic and other types of 
polarised capacitor are normally 
marked with ‘+’ and (or) ‘—’ signs that 
make the polarity fairly obvious. The 
modern trend is for only the ’ sign to 
be included, and one sign or the other 
is all that is actually needed. Axial lead 
electrolytic capacitors additionally 
have a groove around the body of 
the component near the positive (‘+’) 
lead (Fig.4). Printed circuit mounting 
electrolytic capacitors often have 
a similar groove near the base end 
of the component, but this is of no 
consequence in the current context. 
In the past, it was common for 
tantalum capacitors to have a system 
of colour coding to indicate their value 
and polarity, but this system now 
seems to be long obsolete. Instead, 
the value and polarity are normally 
marked on the body of tantalums in 
the normal way. This is also the case 
with other polarised capacitors of the 
non-electrolytic variety. 


Fig.3. A bridge rectifier is used in power supply circuits to 
convert an AC input signal to a raw DC output type. The two 
leads marked with ‘~’ signs are fed with the AC input signal 


Fig.4. This axial lead electrolytic capacitor has the usual 
groove around the body near the ‘+’lead. It also has markings 
to identify the —’ lead 
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Digital waveform generation - 3 


WO months ago, we looked at a 
circuit, posted to the EPE Chat 
Zone by contributor Agustin Tomas, 
which attempted to generate sine- 
waves digitally. Agustin’s circuit 
suffered from the problem that 
although it could generate good 
smooth sinewaves at the upper 
end of its frequency range, at 
lower frequencies the output 
was unacceptably step-like. We 
described the circuit operation 
and the basic reason for the 
problems with Agustin’s circuit. 
Then last month, we looked at 
the theory of digital waveform 
generation in more depth 
with reference to the block 


one, particularly for a wide range 
with fine frequency control, which is 
often what is required for a general 
purpose waveform generator. Even if a 
variable frequency clock is available, 
it is likely that it will not be able to 
change frequency very quickly. This 


hae 


case it would be more difficult, as the 
waveform shape was defined by a set 
of resistor values (in effect he used 
a custom DAC characteristic with a 
fixed digital sequence). 


Numerically controlled oscillator 
The problem of output 
frequency being related 
to clock frequency can be 
overcome using what is 
known as a ‘numerically 
controlled oscillator’ (NCO). 
An NCO-based DDS uses a 
fixed clock frequency and 
sample rate, and therefore 
requires a _ fixed cut-off 
reconstruction filter. An 


fae NCO can also provide very 


diagram in Fig.1, which is 
rapid frequency changes in 


CONTINUOUS, 
more or less the arrangement 


DIGITAL SAMPLED 
DATA WAVEFORM WAVEFORM 


CLOCK 
PULSES 


used by Agustin. We discussed 
the spectrum of the sampled 
signal, and how this lead to 
a definition of requirements for the 
low-pass filter. Specifically, the filter 
must remove all frequencies above the 
Nyquist frequency (half the sampling 
frequency). This condition was not 
met in Agustin’s design when he 
experienced problems with his circuit. 


Direct digital synthesis 

The approach used in Fig.1 is often 
referred to as ‘direct digital synthesis’, 
or DDS, to contrast with the alternative 
of using an analogue ‘phase-locked 
loop’ (PLL). The PLL frequency may 
be controlled digitally using a digital 
frequency divider in the loop, but 
this is indirect in comparison with 
DDS, which uses data to represent 
sample points on the waveform being 
generated. 

The circuit in Fig.1 works well 
if the filter is correctly designed, 
but it suffers from the problem that 
the output waveform frequency, f, 
is directly dependent on the cloc 
frequency f.. If the sequence generator 
goes through N steps, for the complete 
output waveform cycle we have: 


TAIN 


If we store the waveform data in a 
memory with n address lines, we can 
have 2" samples so N = 2". 

There are a couple of challenges 
caused by this. First, it is more 
difficult to create an accurate variable 
frequency clock than a fixed frequency 


Fig.1. Block diagram of a circuit for digitally generating waveforms 


means the frequency generator will 
not be able to rapidly jump from one 
frequency to another. 


Frequency tracking 

Second, changing the clock frequency 
changes the sampling frequency, f.. In 
fact, for Fig.1 the clock and sample 
frequencies are equal (f, = f). The 
important implication of this is that 
changing the clock frequency will 
change the filtering requirements. 

As mentioned above, and discussed 
in more detail last month, the filter 
must remove all frequencies above 
half the sampling frequency for the 
output waveform to be correctly 
reconstructed from sample data. If 
the sampling frequency changes the 
filter cut-off frequency must change 
accordingly. This was not the case in 
Agustin’s design, hence the problems 
he experienced. 

Designing a filter which correctly 
tracks the sampling frequency 
over a wide range is much less 
straightforward than using a fixed 
cut-off frequency, and, therefore, 
undermines the convenience of Fig.1 
for digital waveform generation. 

The generated frequency can also 
be changed by reprogramming the 
sequence generator. Typically, this 
would involve loading new sample 
points into a ROM, or other memory; 
again this could not be done very 
quickly during operation. In Agustin’s 


Everyday Practical Electronics, March 2012 


the generated waveform. 
In the remainder of this 
article, we will describe the 


* 


Fig.2. A circle with a radius line sweeping 
round it like a clock hand 


vain 


Fig.3. The height, h, of the radius is a sine- 
wave function 


ADJACENT 


Fig.4. Some basic trigonometry, including 
standard labelling of triangle edges 
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basic principles of NCO-based DDS, 
and also have a quick look at one of the 
chips that make it easy to build a DDS 
circuit. We will start our discussion 
with a bit of basic geometry, as this 
will help us visualise the way the 
NCO works. 


Circle line 

Sinewaves are closely related to 
circles, and this can help us visualise 
how we can use stored data to 
generate sinusoidal (or other) waves 
of different frequencies. In particular, 
the sinewave is related to a point 
sweeping round a circle at constant 
speed — just like the hand of a clock. 

Consider a circle, centred on horizontal 
and vertical axes, in which we havea line 
from the centre to the edge, as shown in 
Fig.2. We can define the position of the 
line by the angle, 9, from a reference 
point, such as the vertical axis to the top 
of the circle. The length of the line is the 
radius of the circle, r. 

We can measure the height, h, of 
the end of the radius line above the 
horizontal axis, as shown in Fig.3. 
The angle between this line and the 
radius is also @ because the ‘height 
line’ is parallel with the vertical axis. 
The radius, height line and part of the 
horizontal axis form a triangle which 
is redrawn (rotated) in Fig.4. 

Fig.4 may stir memories of school 
trigonometry, and indeed that is the 
point here. Readers may recall that 
cosine is defined by the length of the 
adjacent divided by the hypotenuse. 
For our triangle the hypotenuse is 
the radius line and the adjacent is the 
height line, so we have: 


cos(a) = h/r 


which on multiplying both sides by r 
gives: 


h = rcos(a) 


So, if we sweep our radius line 
around the circle at a constant rate (of 
change of @) the above equation shows 
that the value of h will follow a cosine 
function (remember r is constant). 
If we plot a graph of the value of h 
against @ (or time) as our radius line 
moves, we will get a cosine or sine- 
wave (depending on our starting 
reference point). 


On the dot 

Such a graph is shown in Fig.5, in 
which each red dot on the circle 
corresponds to a step in angle of g. 
The cosine wave in Fig.5 also has red 
dots, one for each dot on the circle. 
These are evenly spaced along the 
time axis and at the same height as the 
corresponding dot on the circle. The 
arrow on Fig.5 shows the link between 
an example point on the circle and 
waveform. Of course, we can go round 
the circle again and again, extending 
the waveform indefinitely. 

It is useful to watch an animation of 
the circle/sine relationship shown in 
Fig.5 and there are numerous examples 
on the web, for example see: www. 
youtube. com/watch?v=Ohp60kk_ 
tww. A search for ‘sinewave circle 
animation’ or similar will provide 
more examples. 

The height (above or below the 
horizontal axis) of the dots around 
the circle in Fig.5 corresponds with 
the data values stored in the sequence 
generator in the circuit in Fig.1 (the 
sample values of the sine-wave). The 
sampling frequency is related to the 
spacing of the red dots on the waveform 
in Fig.5; this is also indicated by the 
dashes at the bottom of the figure. 

It is straightforward to change the 
waveform frequency by changing the 
sample rate. Fig.6 shows a situation 
in which the sample rate has been 
doubled to double the waveform 


iva 


frequency. Exactly the same sample 
data is used, but at a faster rate. This is 
how we need to operate the circuit in 
Fig.1, with the resulting problems we 
have already discussed. 


Skipping 

An alternative way to change the 
waveform frequency is to skip some 
of the sample points as we go round 
the circle. For example, we can keep 
the same sample rate as Fig.5, but only 
use alternate dots, as shown in Fig.7. 
This doubles the waveform frequency 
without changing the sample rate. 
The fact that the sample rate is the 
same means that we can use the same 
fixed low-pass filter without degrading 
the quality of the lower frequency 
waveforms. 

As noted earlier, if we store the 
waveform data in a memory with n 
address lines, then we can have a total 
of 2" waveform samples in one cycle. 
If we generate our output using every 
sample, we get an output frequency of 
f/2", as with Fig.1 and Fig.5. However, 
if we skip alternate memory locations 
the frequency doubles to 2 f/2", as in 
Fig.7. 

We can skip more samples to get 
higher frequencies and, in general, if 
we move forward M stored samples 
for each output sample, the output 
frequency is: 


fp=Mf/2" 


This is like moving forward by M 
dots round the circles in Fig.5 and 
Fig.7 to get the next value to use. 
Remember, in this approach the output 
samples are produced at the same rate 
irrespective of how far we step to get 
the next value. 

The fact that the output frequency is 
Mf/2" is important, because although it 
depends on the clock frequency, unlike 
for the circuit in Fig.1, it is not wholly 


Fig.5 (above). The points on a circle generating a sine- 


wave 


Fig.6 (above right). Using the same sample data at a 
higher sample rate increases the waveform frequency 


Fig.7 (right). Skipping some of the sample points allows 
the higher frequency waveform from Fig.6 to be produced 
using the sample frequency as used in Fig.5 
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dependent on it. If we can vary 
M in our circuit design we do 
not have to change f, to vary 
the output frequency. We can 
fix the sample frequency at the 
clock frequency and therefore 
use a fixed low-pass filter. We 
overcome the problems with 
the circuit in Fig.1. 

If we refer back to Fig.2, 
we see that M corresponds to 
the angle, 9, which we move 
through to get to the next 
sample point. This is a phase 
shift in waveform terms, so M is 
referred to as the ‘delta phase value’. 
M is also called the ‘tuning value’ 
because it sets the output frequency. 


Digital waveform generator 

A block diagram of a_ digital 
waveform generator, using the 
principles just outlined, is shown in 
Fig.8. The value of M is loaded into 
the delta phase register to set the 
output frequency. For each sample 
point (system clock cycle) the value 
in the delta phase register is added 
to the current waveform location, 
which is stored in the phase register. 
In terms of the circles and dots in 
Fig.5 and Fig.7, the phase register 
indicates which dot we are currently 
using for the output sample, and the 
delta phase register determines how 
many dots we will go forward to get 
the next output sample. 

The phase register is used to 
address the waveform sample data 
memory, converting the phase value 
to the waveform amplitude at that 
point of its cycle. This value is 
passed to a DAC and low-pass filter to 
convert it to an analogue waveform. 
Loading a new value of M into the 
delta phase register will change the 
output frequency immediately on the 
next system clock cycle. Thus, the 
frequency can change very quickly 
and at any point on the waveform 
cycle. 

Looking at Fig.5 and Fig.7, it might 
seem that the number of possible 
output frequencies is very limited, 
that is the frequency resolution is 
poor. Indeed, this is true for the 
example presented in Fig.5 and 
Fig.7, but a real implementation is 
not limited by the need for a clear 
diagram and can have many more 
available sample points (effective 
dots round the circle). 

For a 32-bit phase register, the 
frequency resolution is one part in 
four billion. Typical DDS chips use 24 
to 32-bit phase registers. In general, 
frequency resolution is f,/2" for a clock 
frequency of f, and an n-bit phase 
register. 


Other considerations 

So far, we have presented a simplified 
overview of an NCO-based DDS 
operation. In practice, a number of 
other details have to be considered. 


LOAD PHASE 
REGISTER 
(SETS fo) 


SYSTEM CLOCK, fc 


WAVEFORM 
OUTPUT 
FREQUENCY 
fo 


Fig.8. Block diagram of a DDS waveform generator using a numerically controlled oscillator 


Ret = 6K8 


ADJ UST PEAK-TO-PEAK 
USING AD5620 


Fig.9. Example DDS circuit using the AD9834. Circuit from Analogue Devices Circuit 


Note CN-0156 


Usually the full number of bits of the 
phase register is not used to address 
the sample memory. Truncating the 
address into the memory adds a small 
error to the waveform, which appears 
as noise in the output. Typically, 12 
to 19 bits of the 24 to 32-bit phase 
value are used. The number of bits 
in the DAC may also be less than the 
number of bits in the sample memory 
address (typically 12 to 14-bit DACs 
are used); again this adds a small error 
as quantisation noise in the output. 


Direct digital synthesis chips 

A number of DDS chips are available, 
particularly from Analogue Devices, 
and full details of various options 
can be found on their website (www. 
analog.com). Typically, DDS chips 
are used in conjunction with a 
microcontroller, such as a PIC, which 
is used to control the DDS device 
via a standard serial bus such as SPI. 
Fig.9 shows a simplified schematic of 
a practical DDS circuit from Analogue 
Devices using an AD9834. The circuit 
also features a DAC to control the 
output amplitude. The clock generator 
for the DDS and the low-pass filter are 
not shown. 
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The AD9834 is a low power DDS 
device, which can generate sine and 
triangular outputs up to 37.5MHz with 
a maximum clock speed of 75MHz, 
but it can be run at much lower clock 
speeds if desired. The phase register 
is 28 bits so, for example, with a 
1MHz clock the output frequency 
can be set with 0.004Hz resolution. 
The AD9834 operates from a supply 
of 2.3V to 5.5V and has separate 
analogue and digital supplies, which 
may be at different voltages. The chip 
is controlled via a 40MHz SPI bus, 
which is compatible with a wide 
range of microcontrollers. 


Reference/further reading 
Analogue Devices, Fundamentals 
of Direct Digital Synthesis (DDS) — 
Tutorial MT085 (www.analog.com/ 
static/imported-files/tutorials/MT- 
085.pdf) 

Analogue Devices, Amplitude Control 
Circuit for AD9834 Waveform Generator 
(DDS) — Circuit Note CN-0156 (www. 
analog.com/static/imported-files/ 
circuit_notes/CN0156.pdf) 

Analogue Devices AD9834 Data Sheet 
(www.analog.com/static/imported-files/ 
data_sheets/AD9834.pdf) 
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Beware the forthcoming robot wars 

As if I didn’t have enough to worry about... after 
reading Robopocalypse by Daniel Wilson (ISBN-10: 
0385533853) I’m now keeping a very wary eye on my 
new computerised toaster... 

Robopocalypse is a hyper-realistic story of a robot 
uprising set in the not-too-distant future, when robots 
help to clean our houses, drive our cars, and fight our 
wars. The problem arises when we create a self-aware 
sentient artificial intelligence that decides humans are 
a threat to its existence, so it starts working in the back- 
ground to take over all of the regular robots until it’s 
time to strike, at which point it tries to annihilate us. 

There are many really good things about this book, 
not the least that the author has a PhD in robotics from 
Carnegie Mellon University and he really knows what 
he’s talking about. Thus, the dozens of unique robots 
that spy, stalk, and fight through the book are grounded 
in existing robotic research. 

So, just how far-fetched is the book’s scenario? Well, 
it all depends on who you talk to. In his book The Sin- 
gularity is Near, futurist Ray Kurzweil predicts that we 
will achieve the equivalent of a single human-level ar- 
tificial intelligence by around 2020; also that by around 
2045, the sum total of robotic intelligence will exceed 
that of the combined intelligence of every human on 
the planet (estimated to be close to 9 billion by around 
2045). 

But, will these artificial intelligences be self-aware to 
the level that they might decide humans are a threat 
and determine to remove us from the picture? Some ex- 
perts believe that this will never happen; other people 
aren’t so sure. Just the other day I turned on the televi- 
sion and found myself watching one of those ‘Ten Ways 
the World Might End’ type programmes. You can only 
imagine my surprise to discover that our being wiped 
out by self-aware artificial intelligences was rated about 
number six on the list. 


Counting down to the EOTWAWKI 

Speaking of the EOTWAWKI (End Of The World As We 
Know It), or EOTW for short, an increasing number of 
folks are saying that this is scheduled for 21 December 
2012, but what is the basis for this latest EOTW scare? 

Well, before we start, let’s remind ourselves that pre- 
dicting the EOTW party-game has not been confined 
to recent times. For example, many Christians thought 
that 1 Jan 1000 AD would be the EOTW, and quite a few 
gave all of their possessions to the Church in anticipa- 
tion that ‘The End Was Nigh’. And don’t even get me 
started on the Year 2000 and the Y2K ‘bug’. 

But let’s return to 21 December 2012. Why is this date 
the one that everyone is currently talking about? Well, 
if you Google ‘2012 End of the World’ you will be pre- 
sented with all sorts of... let’s say ‘interesting’ informa- 
tion... including stuff like the following example: 

According to Mayan Prophecy, the end of the world 
will happen on the year 2012. The ‘Mayan Doomsday 
Prophecy’ tells that there will be major disruption on 
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earth. Chaos will happen all over the world, which will 
lead to the death of millions of living creatures. 

The only problem with this is that there never was 
a Mayan Doomsday Prophecy. What there is, is some- 
thing called the Mesoamerican Long Count Calendar. 
This calendar was used by several pre-Columbian Me- 
soamerican cultures, most notably the Maya. For this 
reason, it is sometimes known as the Maya (or Mayan) 
long count calendar. One way to visualize this is as a 
series of dials, each representing a cycle (or digit), with 
the least-significant digit being on the right-hand-side. 
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b’ak'tuns k’atuns tuns winals k'ins 
base 20 base20 base20 base18 hase 20 
(0..%°) (0..19) (0.19) (0..17) (0..19) 


The five-place notation system of ascending cy- 
cles are made up of k’ins (24-hour days), winals (20- 
day months), tuns (18 winals), k’atuns (20 tuns), and 
b’ak’tuns (20 k’atuns). A full cycle of the Long Count 
Calendar involves thirteen b’ak’tuns, which equates to 
5126 years. 

The current cycle commenced on 11 August, 3114 
BC, as measured by the modern Western/Gregorian cal- 
endar. As a simple example, the signing of the US Con- 
stitution took place on 4 July 1776, which equates to 
12.8.0.1.13 in the Long Count Calendar. 

The end of the current Long Count Cycle will oc- 
cur on 12.19.19.17.19, which equates to 20 December 
2012. This will be followed by the start of the next 
cycle, which commences with the first day of the 14th 
b’ak’tun on 13.0.0.0.0, which equates to 21 December 
2012. 

But the real point is that the Maya did not regard 
the end of the current Long Count Cycle as being 
the EOTWAWKI]; instead, they predicted a number 
of things happening in the next cycle. The problem, 
of course, is that all sorts of ‘slime-balls’ will be 
crawling out of the woodwork instigating all sorts 
of FUD (fear, uncertainty, and doubt), with the ul- 
timate aim of trying to get us to part with our hard- 
earned money. 

In the coming months, we can expect to be assaulted 
with offers for EOTW survival kits of dubious value and 
all sorts of other weird and wacky things. So, until next 
time (or the EOTWAWKI — whichever comes first), have 
a good one! 
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ae PRACTICAL ELECTRONICS is offering you the chance to win a Microchip 


16-bit Explorer Board. The Explorer 16 is a low-cost, efficient development board to eval- 

uate the features and performance of Microchip’s new 16-bit PIC24 Microcontroller and 
dsPIC33 Digital Signal Controller (DSC) families. Coupled with the MPLAB ICD 2 In Circuit De- 
bugger, real-time emulation and debug facilities speed evaluation and prototyping of application 
circuitry. The Explorer 16 features two interchangeable Plug-In Modules (PIMs), one each for the 
PIC24FJ128GA010 and the dsPIC33F128GP710 DSC. 


It features both PIC24FJ128GA010 Microcontroller and dsPIC33F128GP710 Digital Signal Con- 
troller PIMs, an alphanumeric 16 x 2 LCD display and interfaces to MPLAB ICD 2, USB, and 
RS-232. It includes Microchip’s TC1047A high accuracy, analogue output temperature sensor, 
an expansion connector to access full devices pin-out and a bread board prototyping area and a 
PICtail Plus connector for future expansion boards. The full documentation CD includes user’s 
guide, schematics, and PWB layout. 
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PVE 
Development... 


bel Onan = 


HOW TO ENTER 


For the chance to win an Explorer Board, go to: www.microchip-comps.com/epe-explorer and 
enter your details in the online entry form 


CLOSING DATE 
The closing date for this offer is 30 April 2012 
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HIS month, we take a look at 
(| a new range of development 
boards from Microchip, the 
ChipKIT platform. What makes these 
boards of particular interest is they are 
Arduino compatible, both at the soft- 
ware and hardware level — only an aw- 
ful lot faster and cheaper. 


Arduino 

Arduino is an interesting concept with 
a complicated history. It started life as 
a project to enable students to build 
interactive or animated projects with- 
out the need to grasp the complexi- 
ties of electronic design or low level 
programming. It consists of a small 
PCB holding an Atmel 8-bit microcon- 
troller and an integrated development 
environment (IDE) in which programs 
can be written and quickly down- 
loaded to the board through a serial 
link. The development environment 
include a large number of library func- 
tions designed to simplify the control 
of common external devices, such as 
servo motors, analogue-to-digital con- 
verters, displays, SDMedia cards and 
others. 

The programming language used is 
called Wiring. It’s based on another 
language called Processing, which it- 
self was influenced by an MIT Media 
Lab project in the 1990s called Design 
By Numbers. All of these languages are 
attempts to make computer program- 
ming accessible to non-technical de- 
signers and artists. Wiring, and the Ar- 
duino hardware platform that it runs 
on, certainly appears to have been a 
success — over 300,000 Arduino plat- 
forms have been sold or built by users 
around the world, and its popularity 
appears to be still growing. 

That’s not to say that Arduino 
doesn’t have its detractors. Some 
people feel that learning to program 
should be difficult, because micro- 
controllers are complicated, and that 
taking shortcuts will give only the 
illusion of competency. While that 
opinion can be laughed off, a more 
valid criticism is the limitation and 
cost of the platform. 

The board holds a small 8-bit pro- 
cessor running at 16MHz, with few pe- 
ripherals beyond a timer and a serial 
port. With it’s 0.1in. header strips, it’s 
possible to build circuits without even 
soldering — just push bare wires into 
the headers and you’re on your way. 
However, this comes at a relatively 
high cost. An Arduino board may cost 
£25, when the equivalent processor 
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may be only a few pounds. It’s hard 
to justify that cost if you’re building 
several projects. And then there’s the 
issue of the processor clock speed... 


I feel the need 

As Tom Cruise once said: ‘I feel the 
need... the need for speed!’ An 8-bit, 
16MHz processor in this day and age is 
not going to take you very far. And this 
is where Microchip’s offering starts to 
become interesting — they are using the 
32-bit, 80 MHz PIC32 processor. A great 
chip with lots of interesting peripher- 
als, but a devil to solder. The chipKIT 
offers a fast, relatively low cost plat- 
form, with easy-to-use interfaces and a 
very simple-to-use programming envi- 
ronment (not forgetting that the PIC32 
is quite a complex processor to setup, 
software wise.) 

Before we look at the ChipKit boards 
and features, it’s useful to view them 
in perspective with similar boards 
currently available on the market. 
We’ve summarised them in Fig.1. 


mentioned the processor speed is five 
times faster than the Arduino, plus it’s a 
32 rather than an 8-bit processor. What 
does that mean? All operations on data, 
such as addition, multiplication, con- 
ditional tests etc operate on 32-bit wide 
variables rather than 8-bit wide ones. So 
if you are adding ‘1’ to a long integer, it 
will take one instruction on the PIC32 
processor, but between four and eight 
instructions on the already slower AVR 
processor. 

The biggest surprise, however, is the 
price. Despite being much faster, having 
more peripherals and more memory, the 
chipKIT boards are cheaper than the Ar- 
duinos. The Uno32, in particular, at just 
£19, is a very low cost means of gaining 
experience of the PIC32 processor. 

We’ve listed two other boards in Fig.1. 
The PIC32 Starter Kit is an example of 
the (until now) normal means of evalu- 
ating the PIC32 processor. It’s a compact 
board at a reasonably comparable price 
to the Max32, but has no accessible I/O 
—all of the processor pins are routed to a 


BOARD COST CPU SPEED | FLASH | RAM FEATURES 
) (MHz) | (KB) | (KB) 
Chipkit Max32 35 | 32bit PIC32MX795F512L 512 | 128 | On-board 100MB Ethernet MAC, USB 
Host controller. Arduino compatible. 


Chipkit Uno32 19 | 32bit PIC32MX320F128H 128 32 | USB Host controller 
Arduino compatible. 


Arduino Mega Ey 8bit ATMEGA2560 En Main Arduino platform (higher spec.) 


32bit PIC32MX440F256H USB Host. Simple 0.1" header, 
breadboard compatible. 
Arduino like IDE, programming in C 
MicroSD connector 
Pic32 Starter Kit 32 | 32bit PIC32MX795F512L 32 bit processor. Specialised I/O header, 
requires high-tech soldering or 
expensive daughter board. 


Fig. 1. Comparision of Development Boards 


Olimex 
Pinguino-Micro 


The Arduino platform is available in 
two variants. The Uno is a physically 
smaller board with fewer I/O pins avail- 
able, and much less memory. The Ardu- 
ino Mega uses a larger Atmel AVR pro- 
cessor, which means more I/O pins are 
available, and consequently the board is 
larger than the Uno (although the Uno’s 
I/O connector layout is duplicated, so 
Uno expansion boards will work with 
the Mega too.) There is significantly more 
program and data memory available too, 
but it’s still a slow 8-bit processor. 

Now look at the chipKIT versions. 
Like the true Arduino, they are offered in 
two formats, the Uno32 and the Max32, 
matching the I/O connection layout of 
the Arduino platforms. As we’ve already 


pair of complex fine pitched connectors. 
If you want to actually connect anything 
to the chip, you will have to purchase 
an equally expensive expansion board, 
taking that solution beyond the budgets 
of many hobbyists. 

The cheapest readily available board 
we have found is the Pinguion-micro, 
available from one of our favorite board 
suppliers, Olimex of Bulgaria. Although 
the I/O pin connections are not Arduino 
compatible, they are routed to 0.1in. 
pitch header pins, which makes using 
the board simple. And work is going on 
in the open-source community to pro- 
vide an Arduino development environ- 
ment for it, so at £12 (plus shipping) it 
looks like a good deal. 


Everyday Practical Electronics, March 2012 


We should point out that there are 
dozens of ‘Arduino like’ boards avail- 
able around the world, driven by it’s 
popularity and the open source nature 
of the design — even copying the de- 
sign directly, making your own board 
and offering them for sale is perfectly 
acceptable. (Don’t expect to make 
your fortunate though — margins on 
hardware are slim, and manufacturing 
prices fall only with large volumes.) 


So now let’s take a closer look at the 
Microchip offering. 


chipKIT 

First, these are not a Microchip product 
per se, but are in fact from Digilent, a 
North American company, known for 
producing FPGA and microcontroller 
development boards. Digilent have not 
only produced the boards, but more im- 
portantly created a new version of the 
Arduino IDE to support the PIC32 pro- 
cessor, including the supporting librar- 
ies. This is available to download for 
free from their website. We will cover 
the use of the IDE next month. 

Digilent currently offer four boards 
in the chipKIT range, as shown in 
Fig.2. As well as the two flavours of the 
control board, there are two adaptor 
boards (called ‘shields’ by the Arduino 
community.) The Network Shield is a 
Max32 — specific ethernet interface. It 
contains a 100Mb/s high speed physi- 
cal interface chip to interface with the 
PIC32’s interface 100Mb/s ethernet me- 
dia access controller. It also provides 
a USB device and USB host interface, 
connecting to peripherals within the 
PIC32. It’s not cheap at £35 plus VAT, 
but would be attractive if the more com- 
mon but rather pedestrian ENC28J60 
interface is too slow for you. 

The Basic I/O shield is a strange mix 
of graphic OLED display, open drain 
1/O terminals, pushbuttons, switches, 
temperature sensor and LEDs. At £24 
plus VAT it’s unlikely to find its way 
into a hobby project, but it would 
serve well in a student class on pro- 
gramming microcontrollers. 


The Max32 and Uno32 have holes 
for mounting the board inside an en- 
closure, and a power supply bypass 
jumper, which means you can power 
the board from the USB interface, a 7V 
to 12V power brick or batteries, a wel- 
come option for portable operation. 
Five other headers allow for selection 
of I/O pin interface modes. 

Digilent tell us that both processor 
boards will work with the existing 
Arduino shields (of which there are 
many, many types available) but, not 
all have been tested. If you intend to 
connect up a shield that has not been 
verified as working, you may find that 
you have to write custom software to 
support it, rather than relying on a 
supplied library. As we don’t have ac- 
cess to any Arduino shields we have 
been unable to test this point. 


Programming 

User programs are downloaded to the 
board’s pre-loaded bootloader via the 
USB interface, which can then be con- 
figured as a serial interface for your 
own application if you wish. A six-pin 
header allows access for direct pro- 
gramming of the processor if you pre- 
fer to ignore the Arduino interface and 
work instead with a Pickit2, MPLAB 
and C32. The compilation and down- 
load process with Arduino is fast and 
easy, making debugging fun, which is 
handy, as there is no debugger as such 
within the IDE, so you are very much 
on your own. Expect to be sprinkling 
lots of print statements! 

So what does this new programming 
language ‘Wiring’ look like? 

As the language has been designed 
for ease of learning by non-engineers, 
one would have thought that it would 
be somewhat BASIC like, but actually 
its syntax (the way in which the words 
are written) is very much like ‘C’ or even 
‘C++’. In fact, it’s hard to tell if there is 
a difference. An example program is 
shown in Fig.3. This was our first pro- 
gram written just an hour after down- 
loading the IDE from the Internet. 


pKIT 


Network 


Shield 


Fig.2 . The chipKIT boards 
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Programs (or ‘Sketches’ as the Ardui- 
no community like to call them) consist 
of two main blocks — the ‘setup’ block 
and the ‘loop’. The former is for the ini- 
tialisation code that runs once at start- 
up, and the latter is executed continu- 
ous like, unsurprisingly, a loop. While 
we will defer discussing the details of 
the language until next month, a short 
explanation of what this program does 
will help demystify the language (un- 
less you are already familar with C or 
C++, in which case you will be wonder- 
ing why the language isn’t called C++!) 

The program is intended to flash an 
LED attached to I/O pin 13 when a GPS 
module, attached to the serial interface, 
has locked onto the GPS network. The 
GPS unit outputs serial messages once 
a second, one of which starts with the 
text ‘GPGGA’. Embedded within the 
line containing that text is a single char- 
acter, which represents whether the 
module has lock — a ‘0’ means no, ‘1’ 
means yes. While the program is wait- 
ing for the GPS module to get locked, it 
pulses the LED once every 10s. 

Fig.3 is the complete source code, 
knocked-up in 30 minutes. You can see 
how easy it is to get going; you do not 
need to worry about configuring the pro- 
cessor clock speed or operating mode, 
that is all done for you. Setting up the 
serial port for 4800 baud reception is 
achieved with the single command: 


Serial.begin(4800); 


As you can see, the ‘Wiring’ environ- 
ment, once you understand the basics 
of the language, removes much of the 
underlying processor complexity from 
the user, and leaves them to deal with 
the complexity they can deal with — the 
actual problem they are trying to solve. 


In Summary 

Comparing all these boards is com- 
plicated, but it is clear that the Uno32 
board is very good value for money. 

It’s our view that with their low price, 
versatility, ease of use and sensibly po- 
sitioned headers, these boards will make 
ideal controllers that could be plugged 
into your own DIY adaptor board. To test 
this theory, we will use the Uno32 as the 
basis for completing our ‘Internet Com- 
puter’ article series, designing a shield 
holding an SDMedia socket, parallax 
processor, keyboard, mouse, VGA and 
Ethernet interface. Watch this space! 

The PIC32 is a lovely chip but, with 
such fine pin pitch, it is difficult to sol- 
der, even for the experts. Simple break- 
out boards pre-fitted with a processor 
are available, but as these cost almost 
as much as the Uno32, it’s hard to see 
how the Uno32 could not be an attrac- 
tive option. 

Using the PIC32-specific Arduino en- 
vironment supplied by Digilent is very 
easy and quick to learn, so long as the 
more complex features of the proces- 
sor, such as interrupts, are not required. 
When this happens you are on your 
own, and you will need to resort to 
writing your own drivers, which rather 
negates the use of the Arduino envi- 
ronment in the first place. This should 
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change as Digilent and the commu- 
nity at large provide more software 


ser sameee = oe functionality and example programs. 
ae somacoune = & phason Sn aad The simple write-download-run 
meee oe woare = approach to software development 

offered by the IDE is very pleasant, 
weed eorap |) : and with the inclusion of a PicKit 
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SRN onr , duino approach altogether and sim- 

eoerity ply resort to using MPLAB and the 
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void Less C32 compiler. For us, this is what 
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ord hook-up any of the existing Arduino 
“3 Pee inene shields. If the Arduino shield inter- 
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ample, if you will build your own in- 
terface PCB — then the Olimex PIC32 
Pinguino micro is probably a more 
+) Clee erate = 2 suitable option for you. 

Next month, we will take a look 
at the IDE, the range of libraries cur- 
rently available and get to grips with 
the programming language with a 
simple GPS module project. The 
soldering iron, for now, can stay in 
Fig.3. An example sketch the cupboard! 
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— buy and download from the web. 


TAKE A LOOK, A FREE ISSUE 
IS AVAILABLE 


A one year subscription (12 issues) 
costs just $18.99(US) 


Back issues are also available 


- based on PIC technology 

- full graphical programming language 

- supports wired and wireless 
communication protocols 

- compatible with industrial sensors, 
lab sensors and add-ons 
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EPE |S PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 
FLOWCODE S 


Complex electronic 
systems in minutes 


New features include: 
+ Ccode views and customisation 
+ Simulation improvements 

* Search and replace 

- New variable types 

* Project auto-documentation 

* Project explorer 

* Bookmarks 

* Improved chip interrupt features 
+ Compilation errors and warning 
* Interrupts overhaul 


MFLOWCODE ey |. — 
Samco 
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The FlowKit can be connected to hard- 
ware systems to provide a real time 
debug facility where it is possible to 
step through the Flowcode program on 
the PC and step through the program 
in the hardware at the same time. The 
FlowKit can be connected to your own 
hardware to provide In-Circuit Debug 
to your finished designs. 
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PRICES Prices for each of the CD-ROMs above are: Picuc ogee anaes 
(Order form on third page) Ate PICMICRO only 
(UK and EU customers Hobbyist/Studenty oye .oo-etecccte sreyerevereetsnene ermieiselensiets £45.95 inc. VAT £58.80 inc. VAT 
add VAT to ‘plus VAT’ Professional (Schools/HE/FE/Industry)............ £149.00 plus VAT £199.00 plus VAT 
prices) Professional and Flowkit bundle ................. N/A £216.00 plus VAT 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
development board 
Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PlCmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


HARDWARE 


e Supports PICmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V4 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vliab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator e 
Tests, exercises and projects covering a wide 
range of PICmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions @ 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 
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£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PiCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PilCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a compiler for 
all the PlICmicro devices. 


Minimum system requirements for these 


items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 


hard disk space. 
Flowcode will run on XP or later 
operating systems 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PlCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

@ Facilitates learning via a full suite of 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

® 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ [2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 


HobbyistStudentiiccacsmcenc ne costeeeren nan £45.95 inc VAT 
Professional (Schools/HE/FE/Industry)............ £99 plus VAT 
Professional 10 user (Network Licence) ........... £350 ~=plus VAT 
SiteiFicencerre corti cere cistiae rere £699 plus VAT 
Flowcode Professional (Schools/HE/FE/Industry) ...£149 plus VAT 
Flowcode 10 user (Network Licence).............. £399 plus VAT 


Flowcode Site Licence 


pdosdoonoocoRoDDeSbese £799 plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/ 
CAM manufacture in one complete package. 


Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 


to construction! 


* Circuit diagram design with component library (600 components 


Standard, 1500 components Professional) 
* Virtual instruments (4 Standard, 7 Professional) 


%* On-screen animation 

* Interactive circuit diagram simulation 
* True analogue/digital simulation 

* Simulation of component destruction 
* PCB Layout 

* Interactive PCB layout simulation 

* Automatic PCB routing 

* Gerber export 

* Multi-level zoom (25% to 1000%) 

# Multiple undo and redo 

* Copy and paste to other software 

* Multiple document support 


This software can be used with the Teach-/n 2011 series (and the Teach-/n 4 book). 


Standard £61.25 inc. VAT 
Professional £91.90 inc. VAT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 


space. Windows 2000/ME/XP, mouse, sound card, web browser. 


EPE PIC 


RESOURCES V2 


Version 2 includes 

the EPE PIC 

Tutorial V2 series of 

Supplements 

(EPE April, May, 

June 2003) 

The CD-ROM con- 

tains the following 

Tutorial-related 

software and texts: 

@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 
John Becker, April, May, June 03 

@ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct ’01 

@ PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov 01 

Plus 18 useful texts to help YOU get 

the most out of your PIC programming. 

Price £14.75 inc. VAT 


ELECTRONIC 


COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images 
of electronic 
components. 
This selection of 
high resolution 
photos can be 
used to enhance 
projects and presentations or to help with 
training and educational material. They 
are royalty free for use in commercial or 
personal printed projects, and can also 
be used royalty free in books, catalogues, 
magazine articles as well as worldwide 
web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
for Windows, with quick-start notes 
included. 


Price £19.95 inc. VAT 


OO Assembly for PICmicro V4 

O ‘C’ for 16 Series PICmicro V4 
OO Flowcode for PICmicro 

OO Flowcode for AVR 

OO Flowcode for ARM 

Oi Flowcode for dsPIC & PIC24 


O Circuit Wizard — Standard 

O Circuit Wizard — Professional 

OO EPE PIC Resources V2 

O Electronic Components Photos 
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Note: The software on each version is the same, only the licence for use varies. 


O PiCmicro Development Board V3 (hardware) 


Valid From: .......... Card expiry date:............. 
Gard NOs orieea irate dented tckiea-cnennn Se Maestro Issue No. ......... 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 


Please send me: CD-ROM ORDER FORM 


Version required: 

O Hobbyist/Student 

O Professional 

O Professional 10 user 
O Professional + Flowkit 
O Site licence 


SS 
mocsiro VISA | 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for airmail 
postage per order 
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Unltmited 


Our regular round-up of readers’ own circuits 


WIN A PICO USB DrDAQ DATA LOGGER PH KIT 


WORTH £139 


* Use DrDAQ as a data logger * Use DrDAQ as an oscilloscope * Use DrDAQ as a signal 
generator * Built-in sensors for light, sound and temperature * Measure pH — just plug in 
any standard pH electrode * Sockets for external sensors * Digital outputs to contro! external 
devices * USB connected and powered * Use up to 20 USB DrDAQs on asingle PC . 


If you have a novel circuit idea which would be of use to other readers, then a Pico Technology 
USB DrDAQ Data Logger PH Kit could be yours. After every 20 published IU circuits, the best 


entry will be awarded a USB DrDAQ Data Logger PH Kit worth £139. In addition, a runner up will be 


awarded with a USB Dr DAQ Data Logger woth £99. 


Earth magnetometer — 


*SEE TEXT 


Fig.1. Circuit diagram for an LCR Beat Balance Metal Detector 


Te: aim of this design was to 
create a magnetometer which 
would be optimised for the 
detection of rotation within the earth’s 
magnetic field — hence the name ‘Earth 
Magnetometer’. 

The strength of the earth’s magnetic 
field is typically about 0.5% to 1% 
of the strength of a fridge magnet. In 
the author’s home town, Cape Town, 
its strength lies around 26,000nT 
(nanotesla), while in London it is 
about 49,000nT. In order to detect 
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this, two things are required. First, a 
high gain amplifier — for which the 
combination of IC1 to IC3 provides 
a gain of well over one-million (see 
Fig.1). Second, a low-pass filter — for 
which IC2b filters out almost all but 
sub-one-hertz fluctuations. 

Detection is by means of LED1 — 
that is, the output of IC3 goes ‘high’ 
when rotation of the circuit within the 
earth’s magnetic field is detected. In 
Cape Town, the circuit detected a slow 
(6 to 60rpm) rotation of the earth’s 


magnetic field. This slow rotational 
speed was chosen in order to exclude 
spurious triggering of the circuit from 
stray fields from house or car electrics. 

Anaudio amplifier, C1, is employed 
for its lightly biased inputs — also for 
its output, which is quiescent at half 
the supply voltage (the author used 
the 8-pin version of the LM380N). As 
a voltage is generated across coil L1 
through magnetic induction (that is, 
rotation of the circuit or rotation of a 
magnet near the circuit), IC1’s output 
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moves high or low. Capacitor C2 provides AC coupling 
between IC1 and IC2, and R11 stabilises the first stage of 
the IC2-based amplifier. IC2 is a digital CMOS IC, but 
one that is wired as a three-stage analogue amplifier. Its 
unused inputs (IC2d to IC2f) need to be ‘tied high’ for 
stability. 

Op amp IC3 is wired as a comparator, and negative 
feedback through resistor R6 boosts its sensitivity. Preset 
VR1 may be adjusted so that the output of IC3 is normally 
high or normally low. LED1 may be replaced with an opto- 
coupler if the Earth Magnetometer is to switch external 
circuits. A reed relay will work in this position, but the 
loading is likely to significantly reduce the sensitivity of 
the circuit. Note that any electromagnetic relay needs to 
be mounted far from coil L1. LED1 is an ultrabright LED. 
A regulated power supply is recommended. 

The coil Li is described here for the sake of a 
repeatable circuit — however, the windings of a large 
transformer (say 12V 2A) are likely to work better. L1 
is 1200 turns of 0.315mm diameter enamelled copper 
wire (30swg/22awg) on a 6mm, 25mm long steel bolt. 
Two 32mm-diameter washers serve as ‘end-stops’. A nut 
holds the washers in place. 

At switch-on, the circuit requires up to a minute to 
fully stabilise. Initial set-up may be done by turning 
the circuit 360° within the earth’s magnetic field, and 
carefully adjusting VR1 around its mid-point. 

The circuit has a wide range of possible applications. 
It would detect the rotation of a vehicle in the street, 
and could thus serve as an anti-theft device. It could 
detect the rotation of a nearby magnet, and could thus 
report the relative movement of objects on which a 
magnet is mounted. It could detect certain kinds of 
object underground; or experimenters could set it up as a 
sensitive seismometer. 


Thomas Scarborough, South Africa 
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IU is your forum, where you 
can offer other readers the 
benefit of your Ingenuity. 

Share those ideas, earn some 
cash and possibly a prize. 
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C-Bus Shop 
C-Bus and 
C-Bus Wireless 


www.cbus-shop.com 


www.laser.com 


Laser Business Systems Ltd 
Tel: +44 (0) 20 8441 9788 
Fax: +44 (0) 20 8449 0430 


Trade 


Email: info@taser.com 
poi te yeaa 16 Garthiand Orive, EMS 308 
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THE NEW PICOSCOPE 


2205 MSO 


MIXED SIGNAL OSCILLOSCOPE 


GREAT VALUE, PORTABLE, HIGH END 
FEATURES AS STANDARD AND EASY TO USE 


www.picoscopemso.com/ 128 
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Window shopping 


ee recently decided that the time is ripe to build myself 
a new PC. After seven years of sterling service, one of my 
home-brew Windows XP machines is groaning under the 
pressure of daily surfing, running anti-virus programs in the 
background and coping with all sorts of digital detritus that has 
been acquired over the years. After a strip-down, the redundant 
PC is being relegated down the household’s pecking order and 
a new Windows 7 machine will take its place, bringing the 
benefits of Internet Explorer 9 and (later) IE 10 (neither of which 
will run in Windows XP), better productivity, faster boot-up 
times and the end of the hard-disk thrashing that preceeds the 
opening of programs and 20-second freeze-ups if you right-click 
on something. 

The laws of diminishing returns being what they are, 
inevitably support for Windows XP will dwindle, and 
with Windows 7 gaining many plaudits, the tipping point 
is fast approaching when older hardware can finally be 
pensioned off in favour of more rewarding and future-proof 
technologies. However, I don’t believe in putting all my 
eggs in one basket and I spread my workload across several 
PCs as much as I can. Windows XP is over a decade old and 
is still perfectly fine for many applications, including some 
very expensive programs that I have no desire to upgrade: 
I'll run them into the ground on another ‘spring-cleaned’ 
XP machine until it too gives up the ghost. The same is true 
of my accounts system, which hums along on a tough old 
Windows 98 box, accessible using a KVM (keyboard-video- 
monitor) switch. (I explained in previous columns how a 
W98 machine can share an NTFS network drive for data 
backup purposes.) 

If you’re thinking of simply upgrading a PC to W7 then 
plenty of guidance is available online, including the Microsoft 
Windows 7 Compatibility Center at http:/Ainyurl.com/yhs5gab 
which opines about popular hardware and software. Modern 
high-end Windows 7 systems can run Windows XP as a ‘virtual 
PC’ forretro-compatibility, provided that virtualisation hardware 
is onboard (namely, Intel Virtual Technology). A Windows 7 
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MAX: 386.2 KB/s 


NetMeter indicates network traffic activity in a simple graph — the 
green block shows Carbonite backing up data to their server, the 


red (download) band is a YouTube download 
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Upgrade Advisor may help anticipate any hardware issues, and 
can be downloaded free from http://tinyurl.com/6873sev. 


Flooding the market 

I'm quite picky about what I use, and in preparation for 
building a new system a short-list of PC components has 
been compiled. Interestingly, hard disk prices have been in 
turmoil since the last quarter of 2011, and prices have actually 
increased considerably. My records show that 18 months ago 
a typical 1TB hard disk cost £37 ($55): a similar drive recently 
peaked at triple that price. Severe flooding at a hard disk plant 
in Thailand caused the price hike, when last October a Western 
Digital facility was flooded out and scuba divers rescued the 
production lines from total oblivion. Production is slowly 
coming onstream (no pun intended) again, but retail prices 
remain considerably higher than they were a year ago. 

Disk drive manufacturers can switch production to other 
global sites, but for most home-users or smaller businesses, the 
loss of just a single hard disk can cause severe inconvenience 
if not spell total disaster. I have seen horror stories in this field, 
including a company that propped its backup data cartridges on 
a windowledge, clearly visible from the pavement outside, and 
a business whose database server contained two critical hard 
disks hanging out on cables, resting on the desk. News stories 
constantly leak out about critical data disks, laptops or USB 
drives being mislaid by civil servants or employees. I recently 
rescued five DVD’s worth of precious photos and documents 
from a friend’s laptop drive, as she had no backups anywhere. It 
makes sense to take external backups of valuable data, so in this 
month’s Net Work I revisit the topic of online storage services. 

I have used Carbonite for several years as a ‘last gasp’ backup, 
to be called upon in case everything else fails. Carbonite is 
optimised for data or documents and its software integrates 
well into Windows Explorer, but it has some restrictions on 
the type of files that it will upload (see www.carbonite.co.uk/ 
try-carbonite/faq). We also found (scarcely mentioned by 
Carbonite) that it does not back up data hosted on a network 
drive. It offers unlimited storage space, but the software licence 
is tied to an individual PC or Mac; in a rolling process, files 
are backed up shortly after they change rather than awaiting 
a scheduled backup. (A handy program called NetMeter can 
help you monitor this background traffic — the green block 
in the screenshot is Carbonite suddenly kicking in at a quiet 
time and uploading the latest data to its servers, the red block 
is a YouTube download. NetMeter is free from www.metal- 
machine.de/readerror/). 

Files can be accessed from elsewhere using the Remote Access 
service via Carbonite’s website. Bear in mind that, like many 
such backup systems, if you accidentally corrupt essential data 
then your ‘good’ backup might be corrupted automatically in 
due course. You cannot undo this after it happens and you risk 
losing your critical data altogether in such circumstances; so, if 
necessary, you should ‘freeze’ your Carbonite account to protect 
any existing backup files. When synchronising, Carbonite also 
eventually deletes files that you remove from your local system. 
Carbonite’s prices start at £41.95 a year. 
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Moseying around 

Mozy (www.mozy.com) is an alternative cloud-based data 
backup system that works in a similar way, but is more suited 
to IT-confident users and it has a subscription model based on 
storage space usage. If network drive and server support are 
required, then Mozy Pro is worth looking at. 

Apart from dedicated backup services being available, cloud- 
based storage enables users to host their own data or backup 
files online, and some allow public and personal file areas to 
be created. For example, HiDrive from the German ISP Strato 
offers 5GB of free online storage as well as paid-for packages 
starting at under £7 a month. Simply create some logins on 
their homepage (https:/Avww.free-hidrive.com) and you can 
then immediately upload files to your public or private area via 
the HiDrive control panel. 

Frustratingly, I wasted a lot of time by downloading and 
trying to run Hi-Drive’s Windows software, only to eventually 
find that it’s irrelevant to XP users. Windows 7 users will 
probably have a better experience, as the disk space can be 
given a simple drive letter, but in Windows XP simply use 
the My Network Connections/ Add Network Place wizard 
and point to your free space (eg, https://yourusernamehere. 
webdav.hidrive.strato.com)/ and log into it with your 
username and password. In XP, the HiDrive then appears as 
a Web Folder in Windows Explorer, and files can be dragged 
and dropped onto it from the desktop. 

Another attraction for the writer was that HiDrive offers an 
app for the Synology network-attached storage (NAS) drive that 
I’ve mentioned in previous columns. This offers the prospect of 
uploading files directly from the NAS drive onto the HiDrive 
cloud, but disappointingly the app cannot be used with the free 
HiDrive service. 

Amazon provides an online storage service called Amazon 
Cloud. Known for its very robust and scalable cloud storage 
architecture, Amazon Cloud offers 5GB of free space but an 
Amazon.com US account is needed (which is easily arranged) 
as a .co.uk account won’t work. Simply check in with your 
Amazon US logins and begin uploading to a folder (filesize 2GB 
maximum) via your web browser. MP3 downloads purchased 
from Amazon can be backed up automatically, for free. Extra 
space costing $1 per gigabyte per year is offered, up to a 
maximum of 1TB costing $1,000. A 20GB/ $20 annual package 
on Amazon Cloud might be sufficient for many readers to 
store their most precious documents or files. See https:/Awww. 
amazon.com/clouddrive/learnmore. 

Unfortunately, my Synology NAS does not currently support 
Amazon Cloud either. However, for more intensive use, data 
from the Synology NAS could be uploaded to Amazon’s S3 
(Simple Storage Service), an industrial-strength application 
intended for developers or advanced IT users. More details at 
http://aws.amazon.com/s3/ 

A widening and more flexible choice of online storage options 
is emerging as the Internet integrates ever more tightly into both 
the computer's operating system and the peripherals sharing the 
same local network. The biggest bottleneck is currently the lack 
of bandwidth, with many users still handicapped by their ADSL 
offering maybe 2 to 3 megabits per second. Even so, backing up to 


the cloud makes more 

2 HiDeise Ls - * sense than _ ever, 
eae especially if your 
valuable collection 

oT ee ne of family photos, 


HiDrive offers 5GB of free online storage, 
accessible as a drive letter or a Web Folder 


student notes, pers- 
onal docum-ents or 
music is not insured 
against loss. Why 
not check out some 
of the online services 
suggested and grab 
some free gigabytes 
for yourself. 


Digging deep 
— Think of online 
video storage and 
YouTube soon 


Everyday Practical Electronics, March 2012 


nirodiyg ng 


amazon olbud ir ve 


Amazon | 
Oud Drive off 
. ers 5GB 


Extra Ss ? 
Pace can be Purchaseq Offr8e fla Slorage space 


springs to mind. They are the world’s premier site for hosting 
personal and corporate videos, and among the ‘noise’ many 
interesting clips will be found, including old commercials, 
fascinating documentaries, music videos and news clips. 
You can upload videos to your YouTube account from a PC, 
or use your mobile phone camera directly — keeping an eye 
on your mobile data tariff though. 

Viewing YouTube videos in a web browser, or with a 
Windows Mobile app or on a TV screen using the Humax 
digital PVR that I covered last year, is all well and good, 
but I recently found myself grappling with the problem 
of how to save them onto hard disk for viewing offline 
later. At the same time, I thought about archiving online 
TV content as well: major TV channels have a streaming 
output (BBC iPlayer, Channel 40D etc) and sometimes if 
I miss a broadcast I might like to record an online repeat 
and burn it onto DVD for future reference. (A twin-tuner 
TV card such as a Hauppauge PVR installed in your 
computer can also be used to schedule and record real- 
time TV transmissions to hard disk.) 

Making a videotape (yes!) of BBC TV _ iPlayer 
programmes, captured through the Humax TV Portal TV, 
is one answer, but my pile of DVD ‘coasters’ are testimony 
to the fact that iPlayer’s rights protection carries through 
to the DVD recorder, and TV programmes cannot readily 
be burned onto disc. After surfing around the web I came 
across TubeDigger, a neat Windows program that claims 
to download online video from any website, including 
YouTube, iPlayer and 40D. With some scepticism I 
installed the trial and found that it did indeed fetch Flash- 
based online video from the likes of 40D and YouTube, 
saving them on disk as .flv files. 

Tubedigger behaves like a simple web browser, and you 
simply navigate to eg YouTube or 40D and search for your 
file. Recording can start when the video starts playing and a 
slew of .flv files is created (including station idents, trailers 
and commercials). It can be left to download batches of files 
in tandem. 

Afterwards, TubeDigger’s built-in media converter can 
output .avi files, MP4s and various formats for the iPod, 
Sony PSP and more. The audio track can be saved on its 
own if you enjoy listening to podcasts. As usual, video 
conversion is a time-consuming chore and a DVD burning 
program such as Nero is needed to create a playable DVD, 
which takes even more time. I found that the resulting 
home-brew DVDs were very temperamental when I tried 
them on an old DVD player, but they played faultlessly on 
a new one. 

So far, TubeDigger has done what it says on the wrapper 
and the cost of $24.95 for five licence ‘seats’ seems very 
reasonable. A trial can be downloaded from www. 
tubedigger.com. Try it on some YouTube videos that interest 
you and see if it works for you. 

See you next month for more Net Work. You can email the 
author at alan@epemag.demon.co.uk or write to editorial@ 
wimborne.co.uk for possible inclusion in Readout, and you 
might win a prize! 
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~ Free Stencil 
Get a free SMD laser stencil ” 
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3D PCBs: Hands-on 
collision check 
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Buy 10 x £1 Special Packs and choose another one FREE 
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15 x 5mm Red Leds 
12 x 5mm Green Leds 
12 x 5mm Yellow Leds 
20 x 5mm 1 part Led clips 
15 x 3mm Red Leds 
12 x 3mm Green Leds 
10 x 3mm Yellow Leds 
20 x 3mm 1 part Led clips 
100 x 1N4148 diodes 
30 x 1N4001 diodes 
30 x 1N4002 diodes 
20 x BC182B transistors 
20 x BC184B transistors 
20 x BC549B transistors 
4 x Cmos 4001 
4 x 555 timers 
4x 741 Op-amps 
4x Cmos 4011 
4x Cmos 4013 
4 x Cmos 4081 
20 x 1N914 diodes 
25 x 10/25V radial elect caps 
12 x 100/35V radial elect caps 
15 x 47/25V radial elect caps 
10 x 470/16V radial elect caps 
15 x BC237 transistors 
20 x Mixed transistors 
200 x Mixed 0.25W CF resistors SP177 
5 x Min. PB switches SP178 
4x 4 metres stranded core wire SP181 
20 x 8 pin DIL sockets 
15 x 14 pin DIL sockets SP182 
15 x 16 pin DIL sockets SP183 
15 x BC557B transistors SP186 
4x Cmos 4093 SP189 
3 x 10mm Red Leds SP192 
3 x 10mm Green Leds SP195 
2 x Cmos 4047 SP197 
20 x Assorted ceramic disc caps SP198 
100 x Mixed 0.5W CF resistors SP199 
SP200 


SP131 
SP133 
SP134 
SP135 
SP137 
SP138 
SP142 
SP143 
SP144 


SP146 
SP151 
SP152 
SP153 
SP154 
SP155 
SP160 
SP161 
SP164 
SP165 
SP166 
SP167 
SP168 
SP172 
SP173 
SP174 
SP175 


2x TLO71 Op-amps 
20 x 1N4004 diodes 
15 x 1N4007 diodes 
5 x Miniature slide switches 
4x W005 1.5A bridge rectifiers 
20 x 2.2/63V radial elect caps 
2x Cmos 4017 
5 Pairs min. croc.clips (Red+Blk) 
5 Pairs min. croc. clips (assorted 
colours) 
10 x 2N3704 transistors 
4x 8mm Red Leds 
4x 8mm Green Leds 
4x 8mm Yellow Leds 
15 x BC548B transistors 
6 x 1000/16V radial elect. caps 
10 x 2N3904 transistors 
10 x 2N3906 transistors 
2x C106D thyristors 
2 x LF351 Op-amps 
20 x 1N4003 diodes 
5 x BC107 transistors 
5 x BC108 transistors 
3 x Standard slide switches 
10 x 220/25V radial elect caps 
20 x 22/25V radial elect caps 
20 x 1/63V radial elect caps 
8 x 1A 20mm quick blow fuses 
8 x 2A 20mm quick blow fuses 
5 x Phono plugs — assorted 
colours 
20 x 4.7/63V radial elect caps 
20 x BC547B transistors 
6 x 1M horizontal trimpots 
4x 4 metres solid core wire 
3 x Cmos 4066 
3 x 10mm Yellow Leds 
6 x 20 pin DIL sockets 
5 x 24 pin DIL sockets 
4x 2.5mm mono jack plugs 
4x 2.5mm mono jack sockets 


Catalogue available £1 inc. P&P 
or FREE with first order. 
P&P £2.50 per order. NO VAT 
Cheques and Postal Orders to: 
Sherwood Electronics, 
10 NEWSTEAD STREET, 
MANSFIELD, NOTTS. 
NG19 6JJ 


RESISTOR PACKS — C.Film 
5 each value - total 365 - 0.25W £3.65 
10 each value - total 730-0.25W £4.95 
1000 popular values - 0.25W £7.00 
5 each value — total 305 - 0.5W £4.65 
10 each value - total 610 - 0.5W £7.40 
1000 popular values - 0.5W £10.15 


ed brands remain the registered tradernarkSyof the respective mani 


Frustrated with your supplier? 
Visit our component packed 
website for a vast range of 
parts - old and new, 

many unavailable elsewhere! 
www.cricklewoodelectronics.com 


1000’s OF PRICES REDUCED! 


Alternatively phone us on 
020 8452 0161 with your 
requirements. 


Visit our Shop, Call or Buy online at: 
www.cricklewoodelectronics.com 


Technobots 


Electronic & Mechanical Components 


With over 5,900 products available to order online, Technobots 
provides one of the widest range of components for the 
electronics and engineering enthusiast 


Opto 
Electronics 


: Passsives, 
ape Semiconductors 
; Sensors Controller Boards 
hain 
; eve connectors PICAXE & 
Cana Kit etc.. Arduino 


Electronic Kits & Modules 

2902- Canakit Kits & Assembled (A) 624 AC 8-LightChase £35.56 
005 2x2A MotorContr.A £33.46 628 DC 8-LightChase £35.56 
020 5A Motor ControllerA £16.72 710 Temp Control £20.89 
030 7A Motor ControllerA £33.46 720 Led Thermometer £25.08 


040 30AMotorContr.A £29.27 905 5-LED Voltmeter ach Breatoumecands 


050 50AMotorContr.A £50.21 955 Mini LED Blinker 
051 LCD Disp. for 050A £15.04 from Sparkfun 
105 0.5W MiniAmplifier £10.01 2904-Kitronik Kits 2 
110 MP32W StereoAmp £16.70 201 Alarm £4.78 
115 7W AudioAmplifier £13.36 202 Battery Tester £3.94 
120 10W Audio Amplifier £10.85 203 Memory Game £5.68 - 
130 14W Stereo Amp £21.73 204 556 Timer £4.68 = 
140 20W PowerAmplifier £15.04 205 Xylophone £5.68 
150 2x20W StereoAmp £25.08 206 Bike Light £2.10 Shafts & 
170 Dyn Mic Preamp £9.17. 209 Dice £4.75 Adaptors 
175 Dyn Mic MiniAmp £11.68 210 Thermometer eS 
177 Electret Mic preamp £10.01 211 Easy Timer £2.35 x) 
179 Electret Mic Amp £11.68 212 Light Switch £1.85 
181 Voice Activ. Switch £20.05 213 Heat Switch £1.97 
183 Delay Echo/Reverb £50.21 214 LED Torch £3.07 
186 10-LED VU Meter £16.70 215 MP3 Mono Amp £3.78 
205 Uni 1 Hour Timer £15.04 216 Quiz Buzzer £5.76 
210 5/50Minute Timer £15.04 217 Sq Wave Gen £3.30 160+dc model 
215 Mini 10m Timer £8.33 218 7-Seg Counter £5.40 motors +speed 
230 Cyclic 1m Timer £19.22 220 Colour NightLight £2.96 controllers 
240 Cyclic 5m Timer £19.22 221 Prog Timer £4,12 = 
250 Cyclic 60m Timer £19.22 222 Prog Music Box £4,32 ) 
280 Cyclic 15Hr Timer £25.08 224 MotorController £13.50 
305 MiniUSB PIC ProgA £41.83 226 PIC 8-Pin Dev £4.86 
310 USB PIC Progr.A £58.57 227 PIC 8-Pin Proj 8S} 12) 
405 USB RelayContr.A £50.21 228 PIC Frisbee £6.30 Gears, Pulleys 
505 Square Wave Gen £7.50 231 Col. USB Lamp £2.94 & Cams 
510 Sine/SquareWave £21.73 232 WhiteUSBLamp £2.93 
515 200kHz Function Gen £33.46 234 Solar Light £5.68 
610 3Ch.AC Col. Organ £31.99 235 FM Radio £10.80 
620 MultiLightChaserA £22.75 236 Stereo Amp £5.05) fa 

All Prices above include VAT at 20% P&P from £2.95 ; 

More kits and assembled projects available online Bearings from 
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ELECTRONICS 


TEACH-IN 4 


ELECTRONICS TEACH-IN 4 


A Broad-Based Introduction to Electronics 
plus FREE CD-ROM 

The Teach-In 4 book covers three of the 
most important electronics units that are currently studied in 
many schools and colleges. These include, Edexcel BTEC 
level 2 awards and the electronics units of the new Diploma in 
Engineering, Level 2. 

The Free cover-mounted CD-ROM contains the full Mod- 
ern Electronics Manual, worth £29.95. The Manual contains 
over 800 pages of electronics theory, projects, data, assem- 
bly instructions and web links. 

A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 £8.99 


144 pages 


ROBOTICS 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant 
Lego Mindstorms Robotic Invention System (RIS). Initially 
covers fundamental building techniques and mechanics 
needed to construct strong and efficient robots using the 
various “click-together’ components supplied in the basic 
RIS kit. Then explains in simple terms how the “brain” of 
the robot may be programmed on screen using a PC and 
“zapped” to the robot over an infra-red link. Also, shows how 
amore sophisticated Windows programming language such 
as Visual BASIC may be used to control the robots. 
Detailed building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages - large format Order code BP901 £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 
Shows the reader how to extend the capabilities of the brilliant 
Lego Mindstorms Robotic Invention System (RIS) by using 
lego’s own accessories and some simple home constructed 
units. You will be able to build robots that can provide you with 
‘waiter service’ when you clap your hands, perform tricks, 
‘see’ and avoid objects by using ‘bats radar’, or accurately 
follow a line marked on the floor. Learn to use additional 
types of sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provided by 
using an additional (third) motor. For the less experienced, 
RCX code programs accompany most of the featured robots. 
However, the more adventurous reader is also shown how to 
write programs using Microsoft's VisualBASIC running with the 
ActiveX control (Spirit.OCX) that is provided with the RIS kit. 
Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour. 


Order code BP902 £14.99 


ANDROIDS, ROBOTS AND ANIMATRONS 

Second Edition - John lovine 

Build your own working robot or android using both off-the-shelf 
and workshop constructed materials and devices. Computer 
control gives these robots and androids two types of artificial 
intelligence (an expert system and a neural network). A lifelike 
android hand can be built and programmed to function doing 
repetitive tasks. A fully animated robot or android can also be 
built and programmed to perform a wide variety of functions. 
The contents include an Overview of State-of-the-Art 
Robots; Robotic Locomotion; Motors and Power Controllers; All 
Types of Sensors; Tilt; Bump; Road and Wall Detection; Light; 
Speech and Sound Recognition; Robotic Intelligence (Expert 
Type) Using a Single-Board Computer Programmed in BASIC; 
Robotic Intelligence (Neutral Type) Using Simple Neural 
Networks (Insect Intelligence); Making a Lifelike Android Hand; 
A Computer-Controlled Robotic Insect Programmed in BASIC; 
Telepresence Robots With Actual Arcade and Virtual Reality 
Applications; A Computer-Controlled Robotic Arm; Animated 
Robots and Androids; Real-World Robotic Applications. 


Order code MGH1 £16.99 


198 pages 


224 pages 


ELECTRONICS TEACH-IN BUNDLE - 
SPECIAL BUNDLE PRICE £14 FOR PARTS 1, 2 & 3 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 
INTRODUCTION 

This Teach-In series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and _ interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to using 
the C programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance 
Parts Selector V2.32; Treelink; Motor Control Solutions; 
16-bit Embedded Solutions; 16-bit Tool Solutions; Human 
Interface Solutions; 8-bit PIC Microcontrollers; PIC24 
Micrcontrollers; PIC32 Microcontroller Family with USB 
On-The-Go; dsPIC Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 


Book and CD-ROMs 


FREE 
CD-ROM 


ELECTRONICS TEACH-IN 3 


The three sections of this book cover 
a very wide range of subjects that will 
interest everyone involved in electronics, from hobbyists and 
students to professionals. The first 80-odd pages of Teach-In 3 
are dedicated to Circuit Surgery, the regular EPE clinic dealing 
with readers’ queries on various circuit design and application 
problems — everything from voltage regulation to using SPICE 
circuit simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The free cover-mounted CD-ROM is the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction to 
electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial), together with simulations 
of the circuits in the Teach-In 1 series, plus Flowcode (a 
limited version) a high level programming system for PIC 
microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. The contents of the book and Free CD-ROM have 
been reprinted from past issues of EPE. 


160 pages Order code ETI3 £8.50 


Order code ETIBUNDLE Bundle Price £14.00 


COMPUTERS AND COMPUTING 


REE DOWNLOADS TO PEP-UP AND 
PROTECT YOUR PC 
R. A. Penfold 
Bob Penfold, uses his vast knowledge and experience 
in computing to guide you simply through the process of 
finding reliable sites and sources of free software that will 
help optimize the performance and protect your computer 
against most types of malicious attack. 
Among the many topics covered are: Using Windows 
7 optimization wizard; PCPitstop for advice on improving 
performance, reducing start up times, etc; Free optimization 
scans and the possibility of these being used as a ploy to 
attack your PC; Free programs such as Ccleaner, Registry 
checker and PCPal optimization software; Internet speed 
testing sites and download managers; Overclocking sites, 
together with warnings about using this technique; Sites 
and software for diagnosis of hardware faults, including 
scanning for out of date drivers and finding suitable 
replacements; Free Antivirus software and programs 
that combat specific types of malware; Firewalls; Search 
engines to identify mystery processes listed in Windows 


Task Manager. 
Order code BP722 £7.99 


PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C 
- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 
A Microchip insider tells all. Focuses on examples and 
exercises that show how to solve common, real-world 
design problems quickly. Includes handy checklists to 
help readers perform the most common programming 
and debugging tasks. FREE CD-ROM includes source 
code in C, the Microchip C30 compliler, and MPLAB 
SIM software, so that readers gain practical, hands-on 
programming experience. 

Until recently, PICs didn’t have the speed and memory 
necessary for use in designs such as video- and audio- 
enabled devices. All that changed with the introduction 


128 pages 


RADIO 


BASIC RADIO PRINCIPLES AND TECHNOLOGY 
lan Poole 

Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to point 
radio as well as the new technologies of satellites and 
cellular phones. All of these developments mean there is a 
growing need for radio engineers at all levels. 


Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic. 

Chapters in the book: Radio Today, Yesterday, and Tomorrow; 
Radio Waves and Propagation; Capacitors, Inductors, and 
Filters; Modulation; Receivers; Transmitters; Antenna Systems; 
Broadcasting; Satellites; Personal Communications; Appendix — 
Basic Calculations. 
263 pages 


Order code NE30 £28.99 


Everyday Practical Electronics, March 2012 


of the 16-bit PIC family, the PIC24. This new guide 
teaches readers everything they need to know about the 
architecture of these chips, how to program them, how 
to test them and how to debug them. Lucio’s common- 
sense, practical, hands-on approach starts out with basic 
functions and guides the reader step-by-step through 
even the most sophisticated programming scenarios. 

Experienced PIC users and newcomers alike will benefit 
from the text’s many thorough examples, which demonstrate 
how to nimbly side-step common obstacles and take full 
advantage of all the 16-bit features. 


496 pages +CD-ROM Order code NE45 £38.00 


THE INTERNET - TWEAKS, TIPS 
AND TRICKS 
» A. Penfold 

Bob Penfold, uses his vast knowledge and experience 
in computing to provide you with useful hints, tips and 
warnings about possible difficulties and pitfalls when 
using the Internet. This book should enable you to get 
more from the Internet and to discover ways and means 
of using it that you may not have previously realised. 

Among the many topics covered are: Choosing a 
suitable browser, getting awkward pages to display 
properly; Using Java, spell checkers and other add- 
ons, etc; Using proxy servers to surf anonymously and 
privacy facilities so you do not leave a trail of sites 
visited; Ways of finding recently visited sites you can 
no longer find; Using download managers to speed up 
downloads from slow servers; Effective ways and tricks 
of using search engines to locate relevant info; Tricks 
and tips on finding the best price for goods and services; 
Not getting ‘conned’ when buying or selling on eBay; 
Finding free software; Finding and using the increasing 
range of Cloud computing services; Tips on selecting 
the best security settings; Etc. 


Order code BP721 £7.99 


128 pages 


DIRECT BOOK 
SERVICE 


3 All prices include UK postage 


The books listed have been selected by 
Everyday Practical Electronics editorial 
staff as being of special interest to 
everyone involved in electronics and 
computing. They are supplied by mail 
order direct to your door. Full ordering 
details are given on the last book page. 


NEWJEULEICOLOURICOMPUTING 


WINDOWS 7 - TWEAKS, TIPS AND TRICKS 
Andrew Edney 

This book will guide you through many of the exciting new 
features of Windows 7. Microsoft's latest and greatest op- 
erating system. It will provide you with useful hints, tips and 
warnings about possible difficulties and pitfalls. This book 
should enable you to get much more out of Windows 7 and, 
hopefully, discover a few things that you may not have re- 
alised were there. 

Among the topics covered are: A brief overview of the 
various versions of Windows 7. How to install and use 
Upgrade Advisor, which checks to see if your computer 
meets the minimum requirements to run Windows 7 and 
that your software and drivers are supported by Windows 
7. How to use Windows Easy Transfer to migrate your data 
and settings from your Vista or XP machine to your new 
Windows 7 computer. Exploring Windows 7 so that you 
will become familiar with many of its new features and 
then see how they contrast with those of earlier versions 
of Windows. How to connect to a network and create and 
use Home Groups to easily share your pictures, videos, 
documents, etc.,with the minimum of hassle. Why Win- 
dows Live Essentials is so useful and how to download 
and install it. A brief introduction to Windows Media Cen- 
ter. The use of Action Center, which reports security and 
maintenance incidents. Windows Memory Diagnostic to 
detect the fairly common problem of faulty memory and 


Troubleshooting tools. 
Order code BP708 


HOW TO BUILD A COMPUTER MADE EASY 

R.A. Penfold 

Building your own computer is a much easier than most 
people realise and can probably be undertaken by any- 
one who is reasonably practical. However, some knowl- 
edge and experience of using a PC would be beneficial. 
This book will guide you through the entire process. It 
is written in a simple and straightforward way with the 
explanations clearly illustrated with numerous colour 


120 pages £8.49 


photographs. 


The book is divided into three sections: Overview and 
preparation — Covers understanding the fundamentals and 
choosing the most suitable component parts for your com- 
puter, together with a review of the basic assembly. Assem- 
bly — Explains in detail how to fit the component parts into 
heir correct positions in the computer's casing, then how 
‘0 connect these parts together by plugging the cables into 
he appropriate sockets. No soldering should be required 
and the only tools that you are likely to need are screwdriv- 
ers, small spanners and a pair of pliers. 

BIOS and operating system — This final section details 

he setting up of the BIOS and the installation of the Win- 
dows operating system, which should then enable all the 
parts of your computer to work together correctly. You will 
hen be ready to install your files and any application soft- 
ware you may require. 
The great advantage of building your own computer 
is that you can ‘tailor’ it exactly to your own requirements. 
Also, you will learn a tremendous amount about the struc- 
ure and internal workings of a PC, which will prove to be 
invaluable should problems ever arise. 


Order code BP707 


AN INTRDUCTION TO eBAY FOR THE 

OLDER GENERATION 

Cherry Nixon 

eBay is an online auction site that enables you to buy and 
sell practically anything from the comfort of your own home. 
eBay offers easy access to the global market at an amaz- 
ingly low cost and will enable you to turn your clutter into 
cash. 

This book is an introduction to eBay.co.uk and has been 
specifically written for the over 50s who have little knowl- 
edge of computing. The book will, of course, also apply 
equally to all other age groups. The book contains ideas for 
getting organised for long term safe and successful trading. 
You will learn how to search out and buy every conceivable 
type of thing. The book also shows you how to create auc- 
tions and add perfect pictures. There is advice on how to 
avoid the pitfalls that can befall the inexperienced. 


120 pages £8.49 


Cherry Nixon is probably the most experienced teacher 
of eBay trading in the UK and from her vast experience has 
developed a particular understanding of the issues and dif- 
ficulties normally encountered by individuals. 

So, if you are new to computers and the internet and 
think of a mouse as a rodent, then this is the book for you! 


Order code BP709 


GETTING STARTED IN COMPUTING FOR 

THE OLDER GENERATION 

Jim Gatenby 

You can learn to use a computer at any age and this book 
will help you acheive this. It has been especially written for 
the over 50s, using plain English and avoiding technical jar- 
gon wherever possible. It is lavishly illustrated in full colour. 

Among the many practical and useful subjects that are 
covered in this book are: Choosing the best computing 
system for your needs. Understanding the main hardware 
components of your computer. Getting your computer up 
and runnning in your home. Setting up peripheral devices 
like printers and routers. Connecting to the internet using 
wireless broadband in a home with one or more computers. 
Getting familiar with Windows Vista and XP the software 
used for operating and maintaining your computer. Learn- 
ing about Windows built-in programs such as Windows Me- 
dia Player, Paint and Photo Gallery. 

Plus, using the Ease of Access Center to help if you 
have impaired eyesight, hearing or dexterity problems. 
Installing and using essential software such as Microsoft 
Office suite. Searching for the latest information on virtu- 
ally any subject. Keeping in touch with friends and family 
using e-mail. Keeping your computer running efficiently 
and your valuable data files protected against malicious 
attack. 

This book will help you to gain the basic knowledge 
needed to get the most out of your computer and, if you 
so wish, give you the confidence to even join a local 


computer class. 
Order code BP704 


120 pages £8.49 


120 pages £8.49 


THEORY AND REFERENCE 


ELECTRONIC CIRCUITS - FUNDAMENTALS 

& APPLICATIONS 

Third Edition 

Mike Tooley 

A comprehensive reference text and practical electronics 
handbook in one volume — at an affordable price! 

New chapter on PIC microcontrollers — the most popular 
chip family for use in project work by hobbyists and in 
colleges and universities. 

New companion website: spreadsheet design tools to 
simplify circuit calculations; circuit models and templates 
to enable virtual simulation; a bank of on-line questions 
for lecturers to set as assignments, and on-line self-test 
multiple choice questions for each chapter with automatic 
marking, to enable students to continually monitor their 
progress and understanding. 

The book’s content is matched to the latest pre-degree 
level courses, making this an invaluable reference for 
all study levels, and its broad coverage is combined with 
practical case studies, based in real-world engineering 
contexts throughout the text. 

The unique combination of a comprehensive reference 
text, incorporating a primary focus on practical applications, 
ensures this text will prove a vital guide for students and 
also for industry-based engineers, who are either new to the 
field of electronics, or who wish to refresh their knowledge. 


400 pages Order code NE43 £25.99 


BEBOP TO THE BOOLEAN BOOGIE 

Third Edition 

Clive (Max) Maxfield 

This book gives the ‘big picture’ of digital electronics. This 
indepth, highly readable, guide shows you how electronic 
devices work and how they’re made. You'll discover 
how transistors operate, how printed circuit boards are 
fabricated, and what the innards of memory ICs look like. 
You'll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it’s used. And there’s much, MUCH more. 
The author's tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate. 

Contents: Fundamental concepts; Analog versus digital; 
Conductors and insulators; Voltage, current, resistance, 
capacitance and inductance; Semiconductors; Primitive logic 
functions; Binary arithmetic; Boolean algebra; Karnaugh 
maps; State diagrams, tables and machines; Analog-to- 
digital and digital-to-analog; Integrated circuits (ICs); Memory 


68 


ICs; Programmable ICs; Application-specific integrated 
circuits (ASICs); Circuit boards (PWBs and DWBs); 
Hybrids; Multichip modules (MCMs); Alternative and future 


technologies. 
Order code BEB1 £32.99 


BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 
Clive (Max) Maxfield and 
Alvin Brown 
This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information 
about how computers work. It 
picks up where “Bebop |” left 
off, guiding you through the 
fascinating world of computer 
design . . . and you'll have a 
few chuckles, if not belly laughs, 
along the way. In addition to over 200 
megabytes of mega-cool multimedia, the 
CD-ROM contains a virtual microcomputer, simulating 
the motherboard and standard computer peripherals in 
an extremely realistic manner. In addition to a wealth 
of technical information, myriad nuggets of trivia, and 
hundreds of carefully drawn illustrations, the CD- 
ROM contains a set of lab experiments for the virtual 
microcomputer that let you recreate the experiences 
of early computer pioneers. if you’re the slightest bit 
interested in the inner workings of computers, then don’t 
dare to miss this! 

Over 800 pages in Adobe Acrobat format 


500 pages 


CD-ROM Order code BEB2 CD-ROM £21.95 
FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES 


Third Edition 

Cc. R. Robertson 

Covers the essential principles that form the foundations for 

electrical and electronic engineering courses. The coverage 

of this new edition has been carefully brought in line with the 

core unit ‘Electrical and Electronic Principles’ of the 2007 

BTEC National Engineering specification. This qualification 

from Edexcel attracts more than 10,000 students per year. 
The book explains all theory in detail and backs it up 

with numerous worked examples. Students can test their 


cone 


understanding with end of chapter assignment questions 
for which answers are provided. In this new edition, the 
layout has been improved and colour has been added. A 
free companion website with additional worked examples 
and chapters is also available. 


368 pages Order code NE47 £21.99 


STARTING ELECTRONICS - 4th Edition 

Keith Brindley 

Starting Electronics is unrivalled as a highly practical introduction 
for technicians, non-electronic engineers, software engineers, 
students, and hobbyists. Keith Brindley introduces readers to 
the functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits. 
Breadboard layouts make this very much a ready-to-run book for 
the experimenter, and the use of readily available, inexpensive 
components makes this practical exploration of electronics 
easily accessible to all levels of engineer and hobbyist. 

Other books tell readers what to do, but sometimes fail to 
explain why - Brindley gives readers hands-on confidence 
in addition to real scientific knowledge, and insight into the 
principles as well as the practice. All written explanations and 
steps are supplemented with numerous photos, charts, tables 
and graphs. Concepts and practical aspects are explained 
thoroughly with mathematical formulae and technical schematic 
drawings. 

Each chapter introduces a concept or tool, explains the basic 
theory, and provides clear instructions for a simple experiment 
to apply the concept or tool, with quiz sections and answers, at 


the end of each chapter. 
Order code NE100 £18.99 


296 pages 
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MUSIC, AUDIO 


AND VIDEO 


MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 
Nearly everyone with musical aspirations also has a 
computer. This same computer can double as a high 
quality recording studio capable of producing professional 
recordings. This book tells you what software and hardware 
you will need to get the best results. 

You'll learn about recording techniques, software and 
effects, mixing, mastering and CD production. 

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It’s the perfect answer 
to the question “How do | use my computer to produce my 


own CD?” 
Order code PC120 £10.95 


92 pages 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you get 
them? How do you use them? Why have they thrown record 
companies into a panic? Will they make music easier to 
buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this concise 
and practical book which explains everything you need 
to know about MP3s in a simple and easy-to-understand 
manner. It explains: 

How to play MP3s on your computer; How to use MP3s 
with handheld MP3 players; Where to find MP3s on the 
Web; How MP8s work; How to tune into Internet radio 
stations; How to create your own MP3s; How to record your 
own CDs from MP3 files; Other digital audio music formats. 

Whether you want to stay bang up to date with the latest 
music or create your own MP3s and join the on-line digital 
music revolution, this book will show you how. 


60 pages Order code PC119 £7.45 


DIGITAL AUDIO RECORDING 

lan Waugh 

All modern music recordings use digital audio technology. 
Now everyone with a computer can produce CD-quality 
recordings and this book shows you how. 

Written in a clear and straightforward style, it explains what 
digital audio recording is, how to use it, the equipment you 
need, what sort of software is available, and how to achieve 
professional results. 


It explains: 

¢ What computer system you need 

* Sound and digital audio essentials 
¢ What to look for in a sound card 

¢ What effects to use 

¢ The art of mixing 

¢ Recording techniques 

¢ How to use virtual instruments 

¢ How to edit audio and create loops 


Computer-based recording is the future of music and this 
book shows how you can join the revolution now. 


Order code PC121 £7.95 


We also carry aselection of books aimed 
at readers of EPE’s sister magazine on 
vintage radio Radio Bygones. These 
books include, the four volumes of our 
own Wireless For the Warrior by Louis 
Meulstee. These are a technical history 


60 pages 


of radio communication equipment 
in the British Army and clandestine 
equipment from pre-war through to the 
1960s. 

For details see the UK shop on our web 
site at www.epemag.com or contact us 
for a list of Radio Bygones books. 


PROJECT BUILDING AND TESTING 


ELECTRONIC PROJECT BUILDING 
FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following topics: 
Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem” projects to 
work, including simple methods of fault-finding. 
In fact everything you need to know in order to get started 
in this absorbing and creative hobby. 


135 pages Order code BP392 £5.99 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 
valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


368 pages Order code NE40 £29.00 


PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold 
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but 
in most cases they also represent a practical approach 
to the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 
The projects include:- Simple audio links, FM. audio 
link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI link, 
Loop alarms, R.P.M. meter. 
All the components used in these designs are readily 
available, none of them require the constructor to take out 


a second mortgage. 
Order code BP374 £5.45 


GETTING THE MOST FROM YOUR 

MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and those of limited 
experience of electronics. Chapter 1 covers the basics of 
analogue and digital multimeters, discussing the relative 
merits and the limitations of the two types. In Chapter 2 various 
methods of component checking are described, including tests 
for transistors, thyristors, resistors, capacitors and diodes. 
Circuit testing is covered in Chapter 3, with subjects such as 
voltage, current and continuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


102 pages Order code BP239 £5.49 


132 pages 


FOR A FURTHER SELECTION OF BOOKS SEE THE NEXT TWO ISSUES OF EPE 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send 
a PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or 
card details, Visa, Mastercard or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING 
LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs@wimborne.co.uk 


m our online shop at: www.epemag.com — go to the UK store 


BOOK ORDER FORM 


Full name: .. 


Post code: ............. 


DION AMO cence cencn neta watered 


OD Please charge my card £ 


Card Number 


seiesisbencis Telephone No: .....ccc cece eceeeeeeeeeee 


Please continue on separate sheet of paper if necessary 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


VRE IRE RAM inkesal  oeohok 


SePiebic di ow” 

12V Speed Controller or 12V Lamp Dimmer 781 

* Digital RF Level & Power Meter 
— Main Board 783 
— Head-end Board ret 
— RF Attenuator Board 785 


Castokcriaie com 

* Multi-Purpose Car Scrolling Display 
— Main Board toot pair 
— Display Board 787 

USB-Sensing Mains Power Switch 788 

%*433MHz UHF Remote Switch 
— Transmitter 789 é 
— Receiver a Pall 


PRIA COD 
Time Delay Photoflash Trigger 791 
Tempmaster Mk.2 792 
KM tik COD 

* GPS Synchronised Clock 

* Digital Audio Millivoltmeter 

Theremin 

USB Printer Share Switch 


dakistirco 


Multi-Message Voice Recorder 
PIR-Triggered Mains Switch 
* Intelligent Remote-Controlled Dimmer 


GRE COD 

*6-Digit GPS Clock 

Simple Voltage Switch For Car Sensors 
The «Current (double-sided, surface mount) 
* Digital Audio Oscillator (double-sided) 


230V AC 10A Full-Wave Motor Speed Controller 
Precision 10V DC Voltage Reference 

6-Digit GPS Clock Driver (Pt.2) 

Musicolour IRDA Accessory 


Gea CoD 


Beam-Break Flash Trigger — IR Source 
— Detector 


Betrircoe 


Metal Locator 

Multi-Function Active Filter 

Active AM Loop Antenna and Amp (inc. Varicaps) 
— Antenna/Amp 
— Radio Loop 


EEKPIEKK COO 

Input Attenuator for the Digital 
Audio Millvoltmeter 

* SD Card Music & Speech 
Recorder/Player 

* Deluxe 3-Chan. UHF Rolling Code 
Remote Control — Transmitter 

— Receiver 
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eit DK com 
* Digital Megohm and Leakage Current Meter 
Auto-Dim for 6-Digit GPS Clock 


PIED COD 

* High-Quality Stereo DAC — 
Input & Control Board 
Stereo DAC/Analogue Board 
Front Panel Switch 
Power Supply Board 

Twin Engine SpeedMatch Indicator 

%* Wideband Air/Fuel Display (double-sided) 


Wietike di com 

* Digital Capacitor Leakage Meter 
One-of-Nine Switch Indicator 

— Main Board 

— Remote Display Board 


Selisik- DK com 
* Wideband Oxygen Sensor Controller 

* WIB (Web Server In A Box) 

* Ginormous 7-segment LED Panel Meter 

— Master (KTA-255v2) 

— Slave (KTA-256v2) 

— Programmed Atmega328 


Gisektn sie coo 
Balanced Output Board For The Stereo DAC 
+R Cee 

* Air Quality Monitor (CO,/CO) 

WIB Connector Daughter PCB 


Kmitiok coo 

* Internet Time Display Module 

Solar-Powered Intruder Alarm 

* Very, Very Accurate Thermometer/Thermostat 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity 


| enclose payment of £ (cheque/PO in £ sterling only) to: 


Everyday Practical 
Electronics 


Valid From 
Card Security No. 


Expiry Date 
Maestro Issue No. 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 


Everyday Practical Electronics, March 2012 


ADVERTISEMENTS 


If you want your advertisements to be seen by the largest readership at the most economical price our classified 
page offers excellent value. The rate for semi-display space is £10 (+VAT) per centimetre high, with a minimum 
height of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 
(+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. 
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements, 113 
Lynwood Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified advertising please contact 
our Advertisement Manager, Stewart Kearn as above. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 


LOUDSPEAKERS 
& METERS 
Including Pro PPM’s 
For full list Visit Section 12 


Www.partridgeelectronics.co.uk 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire $40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


TEL: (020) 7373 8721 
www.lec.org.uk 


Microcontroller with 
colour touch screen 
based on PIC32 


(OAST 


COMPONENTS-KITS-MODULES 


Order securely from our website using any major credit card 


COAST ELECTRONICS 
WWW.COASTELECT.EU/SHOP 


BASIC on Board 


www.byvac.com 


MISCELLANEOUS 


KITS, TOOLS, COMPONENTS. S.A.E. VALVES AND ALLIED COMPONENTS IN 
Catalogue. SIR-KIT ELECTRONICS, 52 STOCK. Phone for free list. Valves, books and 
Severn Road, Clacton, CO15 3RB, http:// magazines wanted. Geoff Davies (Radio), tel. 
sir-kit.webs.com 01788 574774. 


Everyday Practical Electronics reaches 
more UK readers than any other UK 
monthly hobby electronics magazine, our 


sales figures prove it. We have been the 
leading monthly magazine in this market 
for the last twenty-five years. 


Robot Bits 


Robots, Arduino & more! 


www. RobotBits.co.uk 


0845 5 191 282 


ete 


‘6 


CPS Solar 
Solar panels, solar cells, and many 
more alternative energy products for 
battery charging etc, please visit our 
website for further info or call 
Tel: 0870 765 2334. 
www.solarpanelsonline.co.uk 


4 line x 16 
character LCD’s 
with Backlight 


CANTERBURY WINDINGS 
UK manufacturer of toroidal transformers 
(10VA to 3kKVA) 


All transformers made to order. No design fees. 
No minimum order. 


www.canterburywindings.co.uk 
01227 450810 
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Next Month Content may be subject to change 


These days, almost everyone has a DMM (digital multimeter) and in the April issue we 
offer two exciting projects to extend their functionality. 


Capacitor Leakage Adaptor for DMMs 

Here’s a cut-down version of the Digital Capacitor Leakage Meter we described in 
November 2011. Instead of using a PIC microcontroller and an LCD panel to display the 
leakage current, this version connects to your DMM to provide the readout. It provides the 
same range of seven different standard test voltages (from 10V to 100V) and can measure 
leakage currents down to 100 nanoamps! 


EHT Stick: an Extra High Voltage Probe for Digital Multimeters 

Do you need to measure the EHT voltage in a CRT-based scope, computer monitor or 

TV receiver, or perhaps in a photocopier, laser printer or microwave oven? You'll need an 
EHT probe to suit your digital multimeter (DMM) to do this, and you'll find they are pretty 
pricey. Not to worry though, because here’s one you can build for a couple of tenners. 


High-Quality Digital Audio Signal Generator — Part 2 

In the March issue, we described how the S/PDIF Digital Audio Signal Generator works. 
Next month, we describe how to assemble the PC boards, mount them in the case and 
check that they are working correctly. 


WIB FAQs 


Our recent Web Server In a Box (WIB) project has been very popular and lots have been 
built. Here we collect a number of frequently asked questions (FAQs) to help anyone 
experiencing difficulties in building and setting up the WIB. We also provide the answers 
to some common technical questions and feature requests. 


APRIL ’12 ISSUE ON SALE 1 MARCH 2012 


Rechargeable Batteries With Solder Tags 
NIMH NICAD 


AA 650mAh 
C 2.5Ah.... 


CVC Chelmer Valve Co Ltd 


Instrument case with edge connector and screw terminals 1961 - 2011 
Size 142i x Bomni x 40Smind tall Over 24 million obsolete components 
in physical stock 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 


terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream ; : 
bases have minor marks from dust and handling price £2.00 + We stock obsolete and hard to find Audio tubes, 


VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. Semiconductors, Integ rated Circuits, Tra nsistors, 
Capacitors and Resistors. We deal with private 
individuals, Engineers, Hobbyists, 
Schools and Governments. 


Its our 50th anniversary, mention this advert and 
receive a 10% disount on your order, its the least 


we can do for our customers who have been with 
866 battery pack originally intended to be 
used with an orbitel mobile telephone it us all these years! 
contains 10 1-6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 


screwdrivers etc.) the pack is new and | WE ALSO BUY SURPLUS COMPONENTS AND 
iecissce AUDIO TUBES - PLEASE CALL US FOR A 
Please add £1.66 + VAT = £1.95 postage & packing per order COMPETITIVE QUOTE. 


ont R _ Electronic: 2RB 
aws Row, oad, Chesterfield, : . 
Tel 01246 211202 Fax 01246 550959 Tel . 01 62 1 745450 
.JPGElectronics.com 
igi red en www.chelmervalve.co.uk 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 


Published on approximately the first Thursday of each month by Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Printed in England by Acorn Web Offset Ltd., 
Normanton, WF6 1TW. Distributed by Seymour, 86 Newman St., London W1T 3EX. Subscriptions INLAND: £21.95 (6 months); £41.50 (12 months); £78.00 (2 years). OVERSEAS: standard air service, 
£25.00 (6 months); £48.00 (12 months); £91.00 (2 years). Express airmail, £35.00 (6 months); £68.00 (12 months); £131.00 (2 years). Payments payable to “Everyday Practical Electronics’, Subs Dept, 
Wimborne Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the 
Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out 
or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 


SSI EZ Designed in the UK, 
FA FE Made in the UK. 


Tel 


sales@ 


www.peakelec.co.uk 


Road 
Buxton 
Derbyshire 
SK17 6HF 


01298 70012 


peakelec.co.uk 


Handheld LCR meter - The Peak Atlas LCR 


The Allas LCR (Model LCR40) is now supplied with our new premium 
quality 2mm plugs and sockets to allow for greater testing flexibility. 
includes new robust gold plated hook probes as standard, others 


available as an option 


Test inductors (from tuH to 10H), capacitors 
(1pF to 10,000uF) and resistors (12 to 
2M). Auto-range, auto-frequency and 


avlo component selection 
Basic accuracy of 1.5% (typical 
accuracy specified for 
inductance T00uH-100mH, 
Capacitance 200pF-S00nF) 
Minimum resolution is typically 
1UuH, 1pF and 10 


Battery, user guide and new 


style hook probes included as standard, 


* 


Visit our website for more detailed 


data or call us for a free datasheet 


+ 


£70 + VAT 


£84 inc UK VAT 
UK P&P at £3 inc VAT 


W 


ww.stewart-of-reading.co.u 


Check out our website, 7,000's of items in stock. 
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HP8560E SPECTRUM ANALYSER 
30HZ-2.9GHZ with Tracking Generator 
£3,500 
HP8560 SERIES SPECTRUM 
ANALYSER Frequency up to 26GHZ 
Various Models from £2,500-£7,000 


HP83731A/B 
SYNTHESISED SIGNAL GENERATOR 


1-20GHZ Various Options 
£4,000-5,000 
. — 


TEKTRONIX TDS784D 
4 Channel 1GHZ 4GS/S 
Opts 05/1M/2M/2C/3C/4C no Probes 
£2,750 


. ' 3 - s 

R&S SMR 40 10MHZ-40GHZ SIGNAL 
GENERATOR Options B1/3/4/5/11/14/17 
£POA 


RACAL 1792 RECEIVER 
£300 


AGILENT E4402B Spectrum Analyser 
100HZ — 3GHZ with Option 1DN Tracking 
Gen; 1 DR Narrow Res; A4H GPIB, 


HP 35670A FFT Dynamic Signal Analyser 
2 Channel. Unused in original box...£4000 
AGILENT 83752B Synthesised Sweeper 
O:01-20GH Zecca ccctactattueceatneescees £6000 
HP83711B Synthesised 1-20GHZ with 
Opt IE! Attenuator... .- £5000 
AGILENTI/HP E4431) ignal Generator 
250KHZ-2GHZ Digital Modulation...£2750 
MARCONI 2024 Signal Generator 9KHZ- 
2.4GHZ Opt 04......... cece eee eeeeees £1250 
MARCONII/IFR 2030 Signal Generator 
10KHZ-1.35 GHZ 
MARCONI 2022E Synthesised AM/FM 
Signal Generator 1OKHZ-1.01GHZ ...£500 
HP8566A Spectrum Analyser 100HZ- 


QQ2GAZ ws crcscseeteeactis ec stieceadeagetee’ £1950 
HP8568A Spectrum Analyser 100HZ- 
ISOOMZ: cescicesccesocancca deat aewebscdces £1250 
AVCOM PSA-37D Spectrum Analyser 
IMHZ-4,2GHZ..cccccsssaesncccanseanacenseasard £- 
IFR 1200S Service Communication 
Monitor: :is2s022 cgiedtstiesccsreesveeieces? £1500 


HP6624A Power Supply 0-20V 0-2A 
Twice, 0-7V 0-5A; 0-50V 0.8A 


Special price....:..:.::.c2:.se02ees eevee £350 
AVO/MEGGAR FT6/12 AC/DC 
breakdown tester.............0.... £400-£600 


MARCONI/IFR/AEROFLEX 2025 Signal 
Gen 9KHZ—2.51GHZ Opt 04 High Stab 
Opt 11 High Power etc As New....... £2500 
SOLARTRON 1250 Frequency Response 


Analyser 10UHZ-65KHZ................. £995 
HP3324A Synthesised Function 
Generator 21MHZ.................0200 £500 
HP41800A Active Probe 5HZ-500MHZ 
sbsdsandeansdacaacsccsgeseeaisnesdeacseacacanenda £750 
ANRITSU MS2601A Spectrum Analyser 
10KHZ-2.2GHZ 50ohm.................. £750 
AGILENT E4421B 250KHZ-3GHZ 

Signal Generator.............:..:ceeeeeee £2500 


HP53131A Universal Counter Opt 001 
Unused Boxed 3GHZ .- £850 
£595 


Q2GHZ 2c ise cccsspcesasecevesasvensccesdsnsd £995 
HP54616C Oscilloscope Dual Trace 
500MHZ 2GS/S Colour.............. £1250 


QUART LOCK 10A-R Rubidium 
Frequency Standard.... 
PENDULUM CNT90 Timer/C ounter 
/Analyser 20GHZ............:00eeee eee £1950 
ADVANTEST R3465 Spectrum 
Analyser 9KHZ-8GHZ..............2:00:006 £- 
HP Programmable Attenuators £300 
each 

33320H DC-18GHZ 11db 

33321G DC-18GHZ 70db 

Many others available 

AGILENT E3610A P ower Supply 0-8v 
0-3A/0-15v 0-2A Unused 

AGILENT E3611A Power Supply 0-20V 
0-1.5A/0-35V 0-0.85V Unused 
HP6269B Power Supply 0-40V 0-50A 


AMPLIFIER RESEARCH P ower 
Amplifier LOOOLAMB.................. £POA 
MARCONI/IFR 2945/A Radio 
Communication Test Sets with options 
tends tag sees clardeaneshesmeedeagie from £3,000 
MARCONI 2955/A/B Radio 
Communication Test Sets..... from £625 
MARCONII/IFR 6200/6200B Microwave 
WOSESCkics trichomes simieinnagitecauieues £- 
HP33120A Function Generator 

100 MicroHZ — 15MHZ Unused Boxed 


Ing, 
ENI 3200L RF Power 


Amplifier 
250KHZ-150MHZ 200W 55Db...£POA 
CIRRUS CRL254 Sound Level Meter 
with Calibrator..........0...0..c eee £95 
CEL328 Digital Sound Level Meter with 
CEL284/2 Acoustical Calibrator........... 


SPECIAL OFFERS 
MARCONI 2305 Modulation Meter.£295 
MARCONI 6960B P ower Meter with 


ANRITSU 54169A 
Scaler Network 
Analyser 0.01- 
40GHZ £POA 


ANRITSU 37247C 
Vector Network 
Analyser 0.04- 
20GHZ £POA 


Many Accessories 
with each unit 


FLUKE SCOPEMETERS 99B Series II 
2Ch 100MHZ 5GS/G 

delsausiidsinagbacaslnshancesitvanenanitcs from £325 
97 2Ch 50MHZ 25MS/S....... from £225 


STEWART of READING 
17A King Street, Mortimer, 
Near Reading RG7 3RS 
Telephone: 0118 933 1111 
Fax: 0118 933 2375 
9am — 5pm Monday — Friday 


Used Equipment - GUARANTEED 
Prices plus Carriage and VAT 


Please check availability before 
ordering or CALLING IN 


ROUTE FASTER ! 
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WITH PROTEUS PCB DESIGN 


Our completely new manual router makes placing tracks quick and intuitive. During track 
placement the route will follow the mouse wherever possible and will intelligently move 
around obstacles while obeying the design rules. 


All versions of Proteus also include an integrated world class shape based auto-router as 
standard. 


PROTEUS DESIGN SUITE Features: 


«» Hardware Accelerated Performance. « Board Autoplacement & Gateswap Optimiser. 
» Unique Thru-View™ Board Transparency. =» Direct CADCAM, ODB++, IDF & PDF Output. 


» Over 35k Schematic & PCB library parts. = Integrated 3D Viewer with 3DS and DXF export. 


» Integrated Shape Based Auto-router. » Mixed Mode SPICE Simulation Engine. 
» Flexible Design Rule Management. » Co-Simulation of PIC, AVR, 8051 and ARM7. 
» Polygonal and Split Power Plane Support. » Direct Technical Support at no additional cost. 


Prices start from just £150 exc. VAT & delivery 


jabcente r/\ A \ SR Sedat 


Electronics Visit our website or 


phone 01756 753440 
Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. : 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com for more details 


